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OBSERVATIONS OF RAPTORS IN THE REPUBLIC OF VANUATU

Wade L. Eakle 1

World, Working Group on Birds of Prey and Owls, Wangenheimstr. 32 D-14193 Berlin, Germany

Abstract.

—

Road and trailside surveys were conducted in the Republic of Vanuatu, formerly known as

the New Hebrides in the Southwest Pacific, to determine relative abundance of raptors. Three diurnal

and one nocturnal species were observed during 74 hr of observation over 594 km surveyed. Swamp
Harriers ( Circus approximans approximans) were most frequent and found on all islands surveyed includ-

ing Efate (N = 6), Espiritu Santo (N = 31), Gaua (N = 11) and Tanna (

N

=19). Peregrine Falcons

(Falco peregrinus nesiotes) were observed on Gaua (N = 2) and Tanna (N = 1), while Brown Goshawks

(Accipiterfasciatus viligax, N = 2) and Barn Owls ( Tyto alba interposita, N = 2) were observed on Tanna
and Espiritu Santo, respectively. Observations of Swamp Harriers on Gaua and Brown Goshawks on
Tanna are the first reported for these species on these islands. Indices of relative abundance were

calculated for each species based on the number of individuals observed per km traveled.

Key Words: Brown Goshawk, Accipiter fasciatus viligax; raptor roadside survey, relative abundance', Swamp
Harrier, Circus approximans approximans; Vanuatu.

Observaciones de rapace en la Republica de Vanuatu

Resumen.—Estudios de caminos y calles fueron conducidad en la Republica de Vanuatu antes conocido

como Nuevo Hebrides en el Pacifico del Sud-oeste, para determinar la abundancia relativamente de

rapace. Tres especie del dia y uno de la noche fueron observados durante 74 hr en una region de 594

km. Circus approximans approximans fueron mas frecuente, y locolizados en todas las islas inspeccionadas

incluyendo Efate (N = 6), Espiritu Santo (N = 31), Gaua (N = 11), y Tanna (N = 19). Falco pereginus

nesiotes fueron observados en Gaua (N = 2) y Tanna (N = 1), fueron observados en Tanna y Espiritu

Santo, respectivamente. Observaciones de aguiluchos en Gaua y Accipiterfasciatus viligax en Tanna son

las primeras especie reportadas en estas islas. Indice de abundancia relativa fueron calculadas para cada

especie basado en numero de individuals observados por km caminados.

[Traduccion de Raul De La Garza, Jr.]

Tropical rainforests are perhaps the most biolog-

ically rich terrestrial habitats in the world. Thiollay

(1994) estimated that over 46% of the world’s pres-

ently recognized falconiforms are tropical forest

species. Tropical forest raptors, including strigi-

forms, are also much less known than Nearctic and
Palearctic species, and in need of further study to

better understand their basic biological and eco-

logical requirements, including density in certain

1 Present address: U.S. Army Corps of Engineers,

South Pacific Division, Regulatory Program Office, 333

Market Street, San Francisco, CA 94105-2197 U.S.A.

habitats, population numbers and trends, and en-

vironmental factors limiting their numbers. Burn-

ham and Cade (1995) recently suggested that

more attention should be focused on species that

are little known and needing study and in geo-

graphical “hotspots,” because those species and lo-

cations are most likely to be, or are soon to be-

come, jeopardized through continued human en-

croachment and development.

Though not recognized as a geographical “hot-

spot” for its high biodiversity like the nearby is-

lands of New Guinea and New Caledonia, the Re-

public of Vanuatu is an important faunal cross-
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roads where the main streams of colonization of

Southwest Pacific birds meet (Bregulla 1992). This

nation of large and small islands has received little

attention from biologists due in part to its remote

location. Most of the resident birds are thought to

have been derived from Australia, New Guinea or

Fiji. Resident raptors include the Brown or Austra-

lian Goshawk (Actipitet* fasciatus vigilax), Swamp
Harrier ( Circus approximans approximans)

,
Pere-

grine Falcon (Falco peregrinus nesiotes

)

and Barn

Owl ( Tyto alba interposita and T a. lulu) . The Brah-

miny Kite (Haliastur Indus flavirostris) occurs as an

occasional vagrant from the neighboring Solomon
Islands (Wattel 1973, Weick 1980, Bregulla 1992).

During a related study of Vanuatu’s largest and
most accessible islands to determine if Sanford’s

Sea Eagle (Haliaeetus sanfordi), thought to be en-

demic in the Solomon Islands, occurs in the ar-

chipelago as a resident or vagrant species, I also

sought to determine the distribution of the islands’

birds of prey, and estimate their observed relative

abundance. Here, I used numbers of individuals

observed per km traveled, and numbers seen per

hr of observation, to estimate relative abundance

during a roadside and trailside survey. This may
not have been done previously for the islands.

Study Area and Methods

Located between the equator and the Tropic of Cap-
ricorn (13-23°S, 166-173°E), the Republic of Vanuatu is

a chain of about 100 ash and coral uplifted islands and
islets. They were formerly known as the New Hebrides
until 1980 when independence was gained from the con-

dominium governments of France and the United King-

dom. The Y-shaped archipelago of mainly small volcanic

islands occurs in one of the most geologically active areas

in the world, and is part of a continuous island arc system

stretching from Papua New Guinea and the Solomon Is-

lands to Fiji and Tonga. The largest island is Espiritu San-

to with a surface area of 3900 km2
. Other major islands

include Efate (915 km2
), Gaua or Santa Maria in the

Banks Islands group (310 km2
) and Tanna (572 km2

)

which are mountainous and extremely rugged. The high-

est peak in Vanuatu is Mt. Tabwemasana on Espiritu San-

to at 1879 m (Fig. 1; Bregulla 1992).

Vanuatu has a wet, tropical climate in the north grad-

ually changing to subtropical in the south, and largely

exposed to prevailing southwesterly winds. Evergreen
rainforest covers about 75% of the country. Three major
plant communities are readily recognized on the larger

mountainous islands, including evergreen tropical rain-

forest on the lowland, warm, wet, windward slopes; semi-

deciduous forest and fire-induced savannahs and grass-

lands on lowland, warm, drier, leeward slopes; and ever-

green forest on upland and summit areas with cooler,

wetter and more humid climatic conditions (Bregulla

1992, Harcombe and O’Byrne 1995).

Standardized road and trailside counts were conducted
on the islands of Efate, Espiritu Santo, Gaua and Tanna
using a car and on foot from 19 October-7 November
1996 (Fig. 1). Three to four observers walking and trav-

eling together located and identified raptors on both
sides of roads or trails during these counts, and recorded
data on species and number observed, habitat type and
activity (Thiollay 1989). Driving speeds were variable, but
roadway conditions always limited speeds to <40 km/hr.
When raptors were observed, the vehicle was stopped
momentarily to identify the birds. Periodic stops were
also made to scan for distant raptors in open habitats or

over the forest canopy whenever conditions allowed. The
location of each observation was plotted on 1:50 000 or

1:100 000 scale maps of the islands, and the dSte and
time of each sighting noted. Survey times ranged from
0500—1900 H. Weather conditions were variable during
the survey period, but mostly without any precipitation.

Some studies have indicated that roadside and trailside

counts can give biased estimates of raptor densities and
habitat associations. However, road counts can be useful

and appropriate when large areas need to be sampled
and monitored (Fuller and Mosher 1987). Use of road-

ways and trails on Vanuatu was the only feasible means
of satisfying the study objectives.

I used the method developed by Woffinden and Mur-
phy (1977) to calculate an index of observed relative

abundance for each raptor species sighted:

Index = [(Total number of a species observed)

: (Total km traveled)] X 1000

Results and Discussion

Nearly 600 km were traveled and 74 hr of obser-

vation time logged (Table 1 )
,
giving an average of

1.0 raptors sighted per hr of observation time, or

0.12 individuals sighted per km (8.0 km traveled

per bird sighted)

.

Swamp Harriers were most common and ac-

counted for 90% of the raptors sighted (Table 2).

Bregulla (1992) suggested the Swamp Harrier was

the largest raptor in Vanuatu, and found on most
islands, except Gaua, Mota Lava, Mere Lava and
Tongariki. Also known as the Pacific Marsh Harri-

er, Amadon et al. (1988), Olsen (1995) and Clarke

(1995, 1996) suggested, and others (Grossman and
Hamlet 1964, Brown and Amadon 1968, Watson

1977, Weick 1980, Cupper and Cupper 1981) ear-

lier treated, the Swamp Harrier and three other

Circus species as a complex, conspecific with the

widely distributed Western Marsh Harrier ( C. aeru-

ginosas) of Europe, North Africa and the Middle

East. My observations of Swamp Harriers (N = 11)

on Gaua suggest the species may be extending its

range in the archipelago to previously unoccupied

islands. Alternatively, Swamp Harriers may have

been present, but simply unobserved during pre-
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Figure 1. Raptor survey routes in the Republic of Vanuatu, 19 October-7 November 1996.



306 Eakle Vol. 31, No. 4

Table 1. Islands surveyed, distances traveled, and du-

ration of raptor surveys conducted in Vanuatu, October-

November 1996.

Island

Number
AND

Type of

Survey

(car/foot)

Observa-

tion

Time

(hr)

Distance

Traveled

(km)

Efate 1 7.0 146

2 4.5 10

Espiritu Santo 5 14.5 302

5 11.5 26

Gaua (Santa Maria) — — —
4 16.0 35

Tanna 1 2.5 37

4 18.0 38

Total 22 74.0 594

vious surveys of the island. However, I find this ex-

planation less likely given Swamp Harriers tend to

spend most of the day on the wing, usually over

open habitats but also frequently over forest, and

should have been readily observed if present (Bre-

gulla 1992). Elsewhere in the South Pacific, C. a.

approximans occurs on Wallis Island, the Loyalty Is-

lands, New Caledonia, Fiji, Tonga, the Society Is-

lands, Samoa, Chatham and Kermadec Islands

(Brown and Amadon 1968, Hollands 1984).

Peregrine Falcons were observed on the islands

of Gaua (

N

= 2) and Tanna (N = 1), while Barn

Owls where observed on Espiritu Santo (N — 2;

Table 2). Bregulla (1992) suggested both species

were found on most islands ofVanuatu. Several au-

thors including Brown and Amadon (1968), Weick

(1980), White and Boyce (1988) and Ratcliffe

(1993) described F. p. nesiotes on the islands of Va-

nuatu, the Loyalty Islands, New Caledonia and Fiji.

In addition to the island of Tanna, Peregrine Fal-

cons have been observed breeding on the islands

of Emae, Nguna, Erromango, Vete Manung, Efate

and Tongoa during aerial surveys conducted from

1993-95 (C.M. White, pers. comm.).

Bunn et al. (1982), Bregulla (1992) and Taylor

(1994) identified two subspecies of Barn Owl in

Vanuatu, T. a. interposita on the northern islands

(and the Santa Cruz Islands [Solomon Islands])

and T. a. lulu on the southern islands of Vanuatu

(Erromango, Tanna and Aneityum), the Loyalty Is-

lands, New Caledonia, Fiji, Tonga, Samoa and the

Society Islands. My observations of two Barn Owls

Table 2. Frequency of raptor sightings and observed rel-

ative abundance indices of raptors sighted during surveys

in Vanuatu, October-November 1996.

Species

Number
Ob-

served

km
Traveled Index of

Per Relative

Individ- Abun-

UAL DANCEa

Swamp Harrier

( Circus approximans

approximans) 67 8.9 112.8

Peregrine Falcon

(Falco peregrinus

nesiotes) 3 198.0 5.1

Brown Goshawk

(Acdpiterfasdatus

viligax) 2 297.0 3.4

Barn Owl

( Tyto alba interposita) 2 297.0 3.4

“Analysis of relative abundance after Woffinden and Murphy

( 1977 ).

on northeastern Espiritu Santo near Hog Harbour

would probably be assigned to the former based

on the location of these sightings.

Brown or Australian Goshawks were sighted on
the island of Tanna (N = 2; Table 2), and are ob-

servations equally significant to the Swamp Harri-

ers seen on Gaua. Wattel (1973), Weick (1980) and
Bregulla (1992) described A. f vigilax as similar in

plumage to the nominate subspecies A. f fasdatus

of Australia, but smaller in size and found on New
Caledonia and the Loyalty Islands. The only pre-

vious definite records for the Brown Goshawk in

Vanuatu are from the island of Aneityum, south of

Tanna, where it was not numerous (Bregulla

1992). My observations of two Brown Goshawks in

lowland wooded habitat near the village of White

Sands, north of Mt. Yasur (361 m), suggest the spe-

cies may also be extending its range in the archi-

pelago. However, since the Brown Goshawk fre-

quents a variety ofwooded habitats in lowlands and
mountains, including forest edges, wooded grass-

lands and secondary growth, it could have been

present yet easily overlooked during previous sur-

veys on Tanna.

Wattel (1973) suggested Vanuatu was colonized

in the distant past by Brown Goshawks from New
Caledonia, with the success of A. fasdatus as an is-

land colonist further emphasized by its occurrence

on many small islands to the north and northeast
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of Australia. Geographical variation in the size of

the Brown Goshawk provides a good example of

“Bergmann’s rule,” such that all tropical subspe-

cies are smaller than the temperate Australian and

nominate subspecies, A. f fasciatus (Pianka 1978).

Sanford’s Sea-Eagles were not observed on the

islands surveyed. However, future investigations in

the Torres Islands, the northwestern most island

group in the archipelago, could prove fruitful.

These islands are less than 452 km southeast of San

Cristobal in the Solomon Islands where Sanford’s

Sea-Eagle has been observed in the past (Brown

and Amadon 1968).

Acknowledgments

LA. Barekman, G. Ghatfield and T.L. Harrell provided

invaluable assistance in the field. G. Russell of Butterfly

Tours provided logistical support on Espiritu Santo and
made arrangements for local support on Gaua. B.D. Wil-

kins and D. Iou provided guide services on Gaua and
Tanna, respectively. D.K Garcelon, R. O’Keefe, R. Wat-

son, C.M. White and two anonymous referees provided

critical comments on earlier drafts of the manuscript. P.J.

Scheetz prepared the figure of the study area, and B.-U.

Meyburg provided study endorsement from the World
Working Group on Birds of Prey and Owls.

Literature Cited

Amadon, D.,J. Bull,J.T. Marshall and B.E King. 1988.

Hawks and owls of the world: a distributional and tax-

onomic list. Proc. West. Found. Vertebr. Zool. 3:295—357.

Bregulla, H.L. 1992. Birds of Vanuatu. Anthony Nel-

son, Oswesty, Shropshire, UK
Brown, L. and D. Amadon. 1968. Eagles, hawks and fal-

cons of the world. Country Life Books, Feltham, Mid-

dlesex, UK
Bunn, D.S., A.B. Warburton and R.D.S. Wilson. 1982.

The Barn Owl. Buteo Books, Vermillion, SD U.S.A.

Burnham, W.A. and T.J. Cade. 1995. Raptor populations:

the basis for their management. Pages 115-130 in

Trans. 60th No. Am. Wildl. 8c Natur. Resour. Confi,

Wildl. Manage. Institute, Washington, DC U.S.A.

Clarke, R. 1995. The Marsh Harrier. Hamlyn Ltd., Lon-

don, UK
. 1996. Montagu’s Harrier. Arlequin Press,

Chelmsford, Essex, UK
Cupper, J. and L. Cupper. 1981. Hawks in focus: a study

of Australia’s birds of prey. Jaclin Enterprises, Mildu-

ra, Australia.

Fuller, M.R. and J.A. Mosher. 1987. Raptor survey

techniques. Pages 37-65 in B.A. Giron Pendleton,

B.A. Milsap, KW. Cline and D.M. Bird [Eds.], Raptor

management techniques manual. Natl. Wildl. Fed.,

Washington, DC U.S.A.

Grossman, M.L. and J. Hamlet. 1964. Birds of prey of

the world. Bonanza Books, New York, NY U.S.A.

HARCOMBE, D. AND D. O’BYRNE. 1995. Vanuatu: a Lonely

Planet travel survival kit. 2nd ed. Lonely Planet Pub-

lications, Hawthorn, Victoria, Australia.

Hollands, D. 1984. Eagles, hawks and falcons of Aus-

tralia. Thomas Nelson, Melbourne, Victoria, Australia.

Olsen, P.D. 1995. Australian birds of prey: the biology

and ecology of raptors. John Hopkins Univ. Press, Bal-

timore, MD U.S.A.

Pianka, E.R. 1978. Evolutionary ecology. 2nd ed. Harper

8c Row Publishers, Inc., New York, NY U.S.A.

Ratcliffe, D. 1993. The Peregrine Falcon. 2nd ed. T. &
A.D. Poyser, Ltd., London, UK

Taylor, I. 1994. Barn Owls: predator-prey relationships

and conservation. Cambridge Univ. Press, Cambridge,

UK
Thiollay, J.M. 1989. Censusing of diurnal raptors in a

primary rain forest: comparative methods and species

detectability./. Raptor Res. 23:72-84.

. 1994. A world review of tropical forest raptors:

current trends, research objectives and conservation

strategy. Pages 231-239 in B.-U. Meyburg and R.D.

Chancellor, [Eds.], Raptor conservation today. World

Working Group on Birds of Prey and Owls, Berlin,

Germany.

Watson, D. 1977. The Hen Harrier. T. 8c A.D. Poyser,

Berkhamsted, Hertfordshire, UK
Wattel, J. 1973. Geographical differentiation in the ge-

nus Accipiter. Nuttall Ornithological Club, Cambridge,

MA U.S.A.

Weick, F. 1980. Birds of prey of the world. Verlag Paul

Parey, Hamburg and Berlin, Germany.

White, C.M. and D .A. Boyce, Jr. 1988. An overview of

Peregrine Falcon subspecies. Pages 789-810 in T.J.

Cade, J.H. Enderson, C.G. Thelander and C.M.

White, [Eds.], Peregrine Falcon populations: their

management and recovery. The Peregrine Fund, Inc ,

Boise, ID U.S.A.

Woffinden, N.D. and J.R. Murphy. 1977. A roadside rap-

tor census in the eastern Great Basin—1973-1974.

Raptor Res. 11:62-66.

Received 10 April 1997; accepted 11 August 1997



J. Raptor Res. 31(4):308-312

© 1997 The Raptor Research Foundation, Inc.

LONG-TERM STUDY OF A GOSHAWK BREEDING
POPULATION ON A MEDITERRANEAN MOUNTAIN

(ABRUZZI APENNINES, CENTRAL ITALY)

:

DENSITY, BREEDING PERFORMANCE AND DIET

Vincenzo Penteriani
Laboratoire d’Ecologie, Universite de Bourgogne, Batiment “Mirande,” B.P. 400, 21011 Dijon Cedex, France

and
Stazione Romana Osservazione e Protezione Uccelli, (S.RO.P.U.), % Oasi Naturale W.W.F. “Bosco di Palo,

”

00055 Ladispoli, Rome, Italy

Abstract.—The breeding density, breeding performance and breeding diet of a Mediterranean pop-

ulation of Goshawks (Acdpiter gentilis) were studied in central Italy over a 10-yr period. Sixteen goshawk

nesting pairs were found within a 318 km2 area (5.03 pairs/100 km2
). The minimum distance between

pairs averaged 3.5 km. I observed a total of 51 nesting attempts at seven nest sites. Annual mean
productivity of breeding pairs was 2,28 fledgings/successful pair and 1.69 fledgings/egg-laying pair. The
occurrence of nesting failures was correlated with rainfall during April-May (

r

= 0.77, P < 0.01) and

brood size at fledging was related to laying date (r = —0.71, P < 0.05). The diet included 20 species

of birds (representing 75% of the prey and 71% of the biomass) and six species of mammals (repre-

senting 25% of the prey and 29% of the biomass). Wood Pigeon ( Columba palumbus). Jay ( Garrulus

glandarius), Mistle Thrush ( Turdus visdvorus), red squirrel ( Sciurus vulgaris) and edible dormouse (Glis

glis) accounted for 67% of all prey captures. In terms of biomass, Jays (20.76%), Wood Pigeons

(16.03%), red squirrels (12.64%) and edible dormice (12.29%) were the dominant prey. I found 23

plucking sites on the ground (44.2%), 21 on rock with moss (40.4%), seven on tree stumps (13.5%)

and one on the root of an uprooted tree (1.9%).

Keywords: Goshawk, Accipiter gentilis; breeding density; breeding performance, breeding diet.

Un estudio de tiempo largo de poblacion de cria en Accipiter gentilis en un Montana Mediterraneo

(Abruzzi Apennines, Centro de Italia) : desnidad, exito de cria y dieta

Resumen.—Densidad de cria, exito de cria y dieta de cria de la poblacion en el Mediterraneo de Accipiter

gentilis fueron estudiados e el centro de Italia arriba de un tiempo de 10 anos. Decisies Accipiter gentilis

pares con nidos fueron encontrados dentro de 318 km2
(5.03 pares/100 km2

). La distancia minima

entre pares fue 3.5 km. Yo observe un total de 51 intentos de poner nido en sieta sitios del nido. La

productividad de promedio annual de pares en cria fue 2.28 pajaritos/pares con exito y 1.69 pajaritos/

huevo-ponido del par. La occurencia de nidos sin exito fue correlacionado con lluvia durante abril-

mayo (r = 0.77, P < 0.01). A1 tiempo de poner (r = —0.71, P < 0.05). La dieta incluyo 20 especie de

psyaros (representando 75% de presa y 71% de biomass) y seis especie mamiferos (representando 25%
de la presay 29% de la biomass). Columba palumbus, Garrulus glandarius, Turdus visdvorus, Sdurus vulgaris,

y Glis glis dio cuenta por 67% de toda la presa. En referencia a biomass, Garrulus glandarius (20.76%),

Columba palumbus (12.29%), fueron la presa dominante. Yo econtre 23 sitios de desplumar en el terreno

(44.2%) 21 en pierdas con musgo (40.4%) sieta en un tronco de un arbol desarraigado (1.9%).

[Traduccion de Raul De La Garza, Jr.]

In Europe, most studies of Goshawks (Accipiter

gentilis) have focused on northern and central Eu-

ropean populations (Thiollay 1967, Opdam 1975,

Opdam et al. 1977, Kos 1980, Marquiss and New-

ton 1982, Kalaber 1984, Wilke et al. 1985, Gosz-

czynski and Pilatowski 1986, Buhler and Oggier

1987, Widen 1989, Anonymous 1990, Kostrzewa

and Kostrzewa 1990, Joubert 1991, Pielowski 1991,

and Olech 1996). A few studies have attempted to

estimate breeding densities in Mediterranean hab-

itats but almost nothing is known concerning their

food habits (Morillo and Lalanda 1972, Benussi

and Perco 1984, Garrigues et al. 1990, Mahosa et

al. 1990, Mahosa 1994).
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The objectives of this study were to determine

the breeding density of a Goshawk population on

a Mediterranean mountain, to describe its breed-

ing biology in the area, to show a possible relation-

ship between weather and breeding success and to

describe the breeding diet.

Study Area and Methods

This study was conducted from 1984-93 in an area of

the Apennine mountains in the Abruzzi region of central

Italy (41°49'N, 13°47'E) that included Abruzzo National

Park and the Sirente and Majella massifs. The area

ranges in elevation between 800-2300 m and consists

mostly of beech (jFagus sylvatica

)

forested slopes with

grazed and fallow farmland at the base of the mountains.

Above 1900 m, forests are replaced by high-altitude pas-

tures.

I located Goshawk nest sites by searching forested areas

mapped on 1:10 000 aerial photos and 1:25 000 topo-

graphic maps. Nest sites were located by walking through

forests between November-April, observing nuptial dis-

plays and territorial flights (especially from the second

week of March to the first week of April) and playback

of taped calls. Occasionally, I found nests from pluckings,

droppings and moulted feathers, and adult and nestling

calls. Density of nesting pairs was estimated based on
Newton et al, (1977). Regularity in nest-site spacing was

computed using a G-test (Tjernberg 1985).

The breeding chronology and performance of Gos-

hawks was studied from 1984-93 at seven nest sites. From
the end of March until the end of April, nests were visited

to determine occupancy, changes of site and egg-laying

dates.

Occupied nests were observed from the end of May
until fledging to determine nesting success. Counts of

nestlings were done from the ground (the slope was al-

ways very steep, facilitating counts) or by watching the

nest with a high-power telescope (60X).

I used the definitions of Kostrzewa and Kostrzewa

(1990) and laying pairs were those pairs that laid eggs,

successful pairs were those that fledged at least one chick

and unsuccessful pairs were those that lost their clutches

or nesdings at any stage before fledging.

The “Hydrographic Service” (Ministero del Lavori

Pubblici 1984—93) provided monthly values for total pre-

cipitation (mm) and mean temperatures from March-
June. To investigate the relationship between spring

weather and Goshawk breeding performance, weather

data were examined for each month and for pairs of

months (e.g., March-April, April-May and May-June; Kos-

trzewa and Kostrzewa 1990). Rainfall and temperature

were used as statistically independent values.

From 1984-93, I collected prey remains and pellets

near seven nests and known plucking sites throughout

the breeding season to determine the diet of Goshawks.

Prey remains and pellets were identified by macroscopic

comparison with reference collections. For each verte-

brate prey item identified, I attempted to identify both

its species and whether it was an adult or juvenile. I de-

termined age class based on the size, plumage, feather

characteristics and degree of ossification in the prey re-

main. The biomass of each prey species was estimated by-

using weight data from the study area or bibliographic

material (Geroudet 1946-57). All pellets from individual

visits were pooled. I recorded the species that occurred

in samples but made no attempt to quantify the number
of individuals in samples. To avoid counting the same
prey twice in remains and pellets, prey in pellets were
computed only if they had not been found as remains in

the same visit (Manosa 1994). Moreover, during each vis-

it, an effort was made to remove all prey remains.

I studied use of different plucking sites by Goshawks.

To do so, I assigned each prey remain to one of five

categories: bare rock, rock with moss, ground, root of

uprooted tree and tree stump. A single plucking site was

counted only once if it had been repeatedly used by the

species.

Results

I found a total of 16 pairs of nesting Goshawks

in the 318 km2 study area for a density of 5.03

pairs/100 km2
. Minimum distance between pairs

averaged 3.5 km (range 2-4.9 km, SD = 1.02). A
G~test value of 0.99 indicated that nest sites were

distributed regularly.

Because I did not know of all seven breeding

pairs at the beginning of the study, I observed a

total of only 51 nesting attempts and collected de-

tailed breeding data at only 43 nests over the 10-

yr study period. Egg laying took place between the

second and third week of April and fledging oc-

curred between the first and second week of July.

Eggs were laid during the first week of April at only

one nest. Three nests fledged one young (7%), 20

fledged two young (46.5%) and 11 fledged three

young (25.6%). In 9 cases (20.9%), the pairs failed

to fledge a single young.

All of the nesting areas contained at least two

nest structures at the time nesting was first initiated

each year. Despite this, Goshawks usually used the

same nest from one year to die next. Only in seven

cases did they use alternate nests and in two cases

they actually laid second clutches in the same nest.

Annual productivity was 2.28 fledgings/success-

ful pair (SD = 0.41, range 1.75-2.75) and 1.69

fledgings/egg-laying pair (SD = 0.58, range 0.6-

2.6). In 1991, only a single pair bred successfully

fledging 3 young.

The percentage of unsuccessful pairs was corre-

lated with rainfall during April-May which coincid-

ed with prelaying and laying, incubation and

hatching periods (r = 0.77, P < 0.01). There was

no relationship between percentage of unsuccess-

ful pairs and temperature nor was there a relation-

ship between percentage of fledged young per suc-

cessful pair and May-June temperature or May-June
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Table 1. Prey items found in the diet of Goshawks in

the Abruzzi Apennines, Italy. Weights of prey are given

in grams. Species with fewer than 10 individuals in the

diet are listed as other birds.

N{%)
Total Weight

(%)

Birds 582 (73.76) 103 273 (72.1)

Columba palumbus 67 (8.49) 22 961 (16.03)

Slrix aluco 13 (1.65) 6006 (4.19)

Picus viridis 17 (2.15) 3378 (2.36)

Garrulus glandarius 194 (24.59) 29 729 (20.76)

Corvus c. cornix 16 (2.03) 7760 (5.42)

Turdus merula 13 (1.65) 1066 (0.74)

Turdus philomelos 31 (3.93) 2790 (1.95)

Turdus visdvorus 108 (13.69) 12 028 (8.4)

Unidentified thrush 23 (2.91) 1736 (1.21)

Unidentified bird 61 (7.73)

Other birdsa 39 (4.94) 15 819 (15.32)

Mammals 200 (26.24) 39 956 (27.9)

Sdurus vulgaris 73 (9.25) 18106 (12.64)

Glis glis 88 (11.15) 17600 (12.29)

Unidentified mammals 31 (3.93)

Other mammals'1 39 (4.99) 4250 (4.11)

Total 782 123160

a Other birds: Buteo buteo (nestlings), Accipiter nisus, Falco tinnun-

culus, Columba livia, unidentified pigeon, Alectoris graeca, Picoides

major, unidentified woodpeckers, Pica pica, Saxicola rubetra, Parus

caerulcus, Carduelis chloris, Acanthis cannabina, Gallus domesticus.

b Other mammals: unidentified mouse, unidentified shrew, Lepus

capensis.

rainfall. The mean brood size at fledging was neg-

atively correlated with laying date (r = — 0.71, P <
0.05).

I identified a total of 782 prey items representing

26 different species in the diet of these Goshawks
(Table 1). There were 20 species of birds (repre-

senting 75% of the prey and 71% of the biomass)

and six species of mammals (representing 25% of

the prey and 29% of the biomass). Wood Pigeons

( Columba palumbus)
, Jays ( Garrulus glandarius)

,
Mis-

tle Thrush
(
Turdus visdvorus), red squirrels ( Sciu

-

rus vulgaris) and edible dormice ( Glis glis) account-

ed for 67% of the identified prey. In terms of bio-

mass, the Jay (20.76%), the Wood Pigeon

(16.03%), red squirrel (12.64%) and edible dor-

mouse (12.29%) were the dominant prey.

The total proportion of nestling birds (N — 51)

that occurred in the sample was 8.76%. Most of

these were nestlings of crows (N = 28), thrushes

(N = 16) and raptors (N = 7).

I identified 52 plucking sites used by Goshawks.

Of these, 23 were on the ground (44.2%), 21 on
rocks covered with moss (40.4%), seven on tree

stumps (13.5%) and one on root of an uprooted

tree (1.9%). No plucking sites were found on bare

rock substrates.

Discussion

I found the breeding population of Goshawks in

the Abruzzi mountains to be very regular in its dis-

tribution with a density similar to that of other ar-

eas in Europe (5 pairs/100 km2 in Finland, Wik-
man 1977; 4.5-5.5 pairs/100 km2 in Germany, Kra-

mer 1972, Link 1981, Dietrick and Ellenberg 1982;

and 4.4 pairs/100 km2 in Switzerland, Biihler and
Oggier 1987).

Unlike other areas of Europe (Opdam 1975, Op-
dam et al. 1977, Rust and Kechele 1982, Kayser

1993) and other areas within the Mediterranean

(Morillo and Lalanda 1972, Garrigues et al. 1990,

Manosa et al. 1990, Manosa 1994) where Goshawks
have very diverse diets, Goshawks in the Abruzzi

Apennines had very low species diversity in their

diet. This was probably related to the fact that the

high elevation of the study area limited the num-
bers and types of bird species available (20 breed-

ing species with a density of 36 pairs/10 ha, Ber-

noni 1995) compared to the neighboring, lower-

elevation piedmont (59.2 pairs/10 ha, Pandolfi

and Taferna 1991) and plain (158 pairs/ 10 ha,

Bernoni et al. 1989). At lower elevations, land use

was also more varied and habitats were more pro-

ductive resulting in a greater diversity of prey spe-

cies. Similar Goshawk diets dominated by a few

prey species have been reported in coniferous for-

ests in Sweden (Widen 1989), higher altitudes in

Britain (Marquiss and Newton 1982), mountains of

France (Joubert 1991), and woodlands in north-

eastern Italy (Benussi and Perco 1984).

Crows (27.25%), thrushes (22.18%), medium-
sized rodents (20.4%) and pigeons (9.63%) were

the most frequently taken as prey. A large portion

of the diet also consisted of nestlings, most of

which were crows. Crows, thrushes, pigeons, me-
dium-sized rodents and nestlings have also been
reported in the diets of Goshawks in Europe (Hog-

lund 1964, Sulkava 1964, Opdam et al. 1977, Gosz-

czynski and Pilatowski 1986, Widen 1989, Manosa
et al. 1990, Kayser 1993, Manosa 1994) and in oth-

er regions (Reynolds and Meslow 1984, Boal and
Mannan 1994). The abundance of forest species

such as Wood Pigeons, Jays, red squirrels and edi-

ble dormice in the diet indicates that these Gos-
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hawks hunt inside or at the edges of woodlands

(Opdam et al. 1977).

The productivity of Goshawks in the Abruzzi Ap-

ennines was more typical of the productivity that

has been observed in bad years in forested areas

in Lorraine and Limous regions of France (Thiol-

lay 1967, Nore 1977), in Finland (Cramp and Sim-

mons 1980), in high elevation areas in Britain

(Marquiss and Newton 1982), in southern Bavaria

(Rust and Kechele 1982), in the eastern part of the

Swiss Lowlands (Buhler et al. 1987) and in Catal-

unya (Mahosa et al. 1990). Productivity in the

Abruzzi Apennines was heavily weather dependent.

During cold, wet springs breeding started later and
prolonged rain reduced reproductive success pos-

sibly by decreasing hunting success and food in-

take. Rainfall appeared to be a very significant fac-

tor. During the breeding season of 1991, nearly all

the nesting attempts failed owing to intense rainfall

during the incubation period. The highest inci-

dence of nest failure occurred when there was be-

tween 60-120 mm of rain. The negative impact of

rainfall on Goshawk populations has also been

stressed by Kostrzewa and Kostrzewa (1990). Based

on the correlation between weather and nest fail-

ures, laying date and mean brood size upon fledg-

ing, April and May appeared to be critical in the

breeding cycle. Forest cutting during April and

May also had a marked negative effect on the pro-

ductivity of Goshawks. Forests were cut in the vicin-

ity of five nesting areas during this period. At all

five areas, the nesting attempt failed that year. By

contrast, forest cutting at four nesting areas during

the last three weeks prior to fledging had no effect

on the breeding success.
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REANALYSIS OF RELATIONSHIPS AMONG EYE COLOR, AGE
AND SEX IN THE COOPER’S HAWK

Robert N. Rosenfield
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Abstract.—Eye color of 370 breeding Cooper’s Hawks (Accipiter cooperii) trapped and recaptured from

1980-95 in Wisconsin was examined in relation to age and sex. In both sexes, eye color showed a

change from lighter shades of yellow to darker shades of orange or red in older birds. One-yr-old males

usually had light orange eyes, while 1-yr-old females typically had yellow eyes. Males >2 yr of age always

showed darker eye color scores than females of the same relative age. Eye color cannot be used to age

individual Cooper’s Hawks with accuracy in Wisconsin because individual birds, especially females, show

considerable variation. A test of a possible relationship between male fitness (e.g., clutch size and/or

brood size) and eye color did not support the proposition that eye color serves as a signal of male

quality.

Key Words: Cooper’s Hawk, Accipiter cooperii; eye color, age, sex.

Reanalisis de relaciones entre color de ojo, edad, sexo en Accipiter cooperii

Resumen.—El color del ojo de 370 Accipiter cooperii en crfa que fueron atrapados mas de una vez durante

1980-95 en Wisconsin fue examinado en relacion a edad y sexo. En los dos sexos, color de ojo enseno

un cambio de colores claros de amarillo y colores oscuros de naranja y rojo, mientras hembras de un
ano tipicamente tenian ojos amarillos. Machos ^2 ahos de edad siempre ensenaban ojos oscuros corn-

parados con hembras de la misma edad. Color de ojo no puede estar usado para indicar la edad de

Accipiter cooperii con exactitud en Wisconsin porque pajaros individualmente, especialmente hembras,

ensenaron considerable variacion. Un examen de una posible relacion entre la condition fisica del

macho (e.g., tamaho de nidada y/o tamano de cria) y color de ojo no soporto la proposition que el

color de ojo sirve como un senal de calidad de ser

We have previously examined eye color in rela-

tion to age and sex in breeding Cooper’s Hawks

{Accipiter cooperii) in Wisconsin (Rosenfield et al.

1992) . We also investigated a possible relationship

between clutch size and eye color in males, as pred-

icated on the hypothesis that male fitness might be

associated with eye color because older, darker-

eyed males may be better hunters and thus higher

quality mates than younger, lighter-eyed males

(Snyder and Snyder 1974). Snyder and Snyder also

suggested that preferential mating on the basis of

eye color may occur in this species.

Since 1992, we have increased our sample sizes

by 36-77% for various age and sex categories of

Cooper’s Hawks, and 34% for clutch sizes. Reana-

lysis of these issues with larger samples has

strengthened our earlier findings and conclusions,

macho.

[Traduction de Raul De La Garza, Jr.]

which have been questioned (N. Snyder, pers.

comm.). We also examine eye color as a potential

correlate of male fitness and hunting ability in re-

lation to brood size at bandable age. Moreover, an

update seems timely because the U.S. Bird Band-

ing Laboratory (M. Gustafson, pers. comm.) re-

cendy asked us to comment on the validity of using

our previously published eye color data to age Coo-

per’s Hawks.

We will show that iris color, although it exhibits

an age-dependent relationship, especially in males,

cannot reliably predict the age of a particular bird

because of variability among individuals within an

age category.

Study Area and Methods

We trapped breeding Cooper’s Hawks near their nests

at 114 separate nesting areas throughout Wisconsin from

313
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1980-95 (Rosenfield and Bielefeldt 1993, 1996). We
caught 370 different individuals (170 males and 200 fe-

males) and retrapped some of the same birds a total of

161 times in subsequent years. Seventy captures involved

birds of known age: 1-yr-old individuals in predominately

brown plumage (N = 25); 2-yr-old individuals (all males)

with two generations of gray feathers, plus a few retained

brown feathers on their rump and/or scapular areas (

N

= 9) ; 2-7-yr-old individuals originally marked as nestlings

(Rosenfield and Bielefeldt 1992, 1996; N = 10); and 26

recaptures of the above individuals in later years. The
remaining 461 captures involved 326 individuals of un-

known initial age (ASY birds ^2 yr of age) and 135 re-

captures of these individuals (A3Y, A4Y, etc.) in subse-

quent years.

Eye color of captured hawks was designated as yellow,

light orange, orange, dark orange or red following Ro-

senfield et al. (1992). Mean eye color scores for hawks in

a given relative age category were determined through

assignment of corresponding numerical scores of 1-5 for

yellow through red eyes, respectively (Rosenfield et al.

1992).

Clutch size and brood sizes were determined by climb-

ing to nests in mid- to late-incubation and in mid-nestling

stage (ca. 16 d of age; Rosenfield et al. 1996).

Probability values were calculated using SYSTAT (Wil-

kinson 1992) and StatXact-Turbo (Mehta and Patel

1992). Significance was accepted at Ps 0.05.

Results and Discussion

In both sexes eye color showed a change from

lighter shades of yellow in younger birds to darker

shades of orange or red in older birds. However,

1-yr-old males had significantly darker eyes, usually

light orange, than 1-yr-old females, in which the

irides are usually yellow (Fisher’s Exact Test, P =

0.003, Table 1). ASY males had significantly darker

eyes than ASY females (Fisher’s Exact Test, P =

0.0005, Table 2). Although statistical analyses of

relative ages A3Y-A9Y for both sexes were prohib-

ited by a lack of statistical independence, males al-

ways showed a markedly higher mean eye color

score than females of the same relative age (Table

2). Thus, the initial difference between the sexes

in eye color in yearling hawks (Table 1) not only

continued, but also increased with relative age (Ta-

ble 2).

Among 161 different breeding males ^2 yr of

age, none had yellow eyes and only 12% (19) had

light orange eyes; the remaining birds (88%) had

orange to red eyes. It appeared that few males in

our population attained red eyes until s4 yr of age

(Table 1). In relative age birds, females appeared

to show lower asymptotic eye color scores than

males of the same age category (3.3 vs. 4.7, Table

2) . In our population, some males and females did

Table 1. Iris color of known-age Cooper’s Hawks breed-

ing in Wisconsin, 1980-95.

Eye Color Categories

Age in Light

Wars Yellow Orange Orange
Dark

Orange Red

Males: N = 47 captures

1 2 8 1 0 0

2 0 3 11 0 0

3 0 2 5 2 0

4 0 0 3 2 1

5 0 0 0 1 1

6 0 0 0 1 0

7 0 0 1 2 0

8 0 0 0 0 1

Females: N 1

23 captures

1 12 2 0 0 0

2 0 2 0 0 0

3 0 1 1 0 0

4 1 0 1 0 0

5 0 1 l
a 0 0

6 0 0 1 0 0

a In our earlier paper (Rosenfield et al. 1992) this individual was

clerically misclassified as having a dark orange eye.

not achieve red eyes, at least at ages up to 6-7 yr

(Tables 1 and 2)

.

Although the iris darkens with age in both sexes,

individual birds of the same age showed variation

in eye color (e.g., 3-yr-old males, Table 1). Individ-

ual birds in the same eye color category also

showed considerable variation in known or relative

age (e.g., orange-eyed birds, especially females, Ta-

bles 1 and 2) . Because of this variation, eye color

could not be used to age a given individual Coo-

per’s Hawk in our population with accuracy. Nev-

ertheless, birds with lighter and darker extremes of

eye color could be regarded as younger and older

individuals, respectively, especially when an ade-

quate sample for the population became available.

We urge banders and others to apply these re-

sults cautiously, particularly in other populations.

Birds in the western U.S. differ from eastern birds

in several morphological respects (Rosenfield and
Bielefeldt 1993), but data on eye color in relation

to age and sex are unreported for Cooper’s Hawks
in the west.

Because eye color is age-dependent, especially in

males, it may also index the experience and for-

aging skills of males (Snyder and Snyder 1974) . If

so, older males might be higher quality mates of
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Table 2. Iris color of relative-agea Cooper’s Hawks breeding in Wisconsin, 1980-95. Numbers in parentheses equal

percent.

Eye Color Categories
Mean

Relative 1 2 3 4 5 Eye Color
Age Yellow Light Orange Orange Dark Orange Red Total Score

Males: N = 217 captures

ASY 0 15(11) 57 (40) 46 (32) 24 (17) 142 3.6

A3Y 0 1 15 19 6 41 3.7

A4Y 0 0 5 5 8 18 4.2

ASY 0 0 0 2 5 7 4.7

A6Y 0 0 0 1 5 6

A7Y 0 0 0 1 0 1 4.8b

A8Y 0 0 0 0 1 1

A9Y 0 0 0 0 1 1

Females: N = 244 captures

ASY 9(5) 53 (29) 87 (47) 33 (18) 2(1) 184 2.8

A3Y 0 9 16 5 1 31 2.9

A4Y 0 3 5 2 1 11 3.1

A5Y 0 0 6 3 0 9 3.3

A6Y 0 0 5 1 0 6

A7Y 0 0 1 1 0 2 3.3C

A9Y 0 0 0 1 0 1

a Relative-age birds are ASY (after-second-year) birds two or more years of age, and recaptures of these individuals (A3Y, A4Y, etc )

in subsequent years.

b
’
c Values for A6Y through A9Y.

greater fitness than younger males with lighter

eyes. We have proposed that clutch size may be a

revealing test of male quality (Rosenfield et al.

1992) because males provide virtually all the food

consumed by their mates in the preincubation pe-

riod (Rosenfield et al. 1991, Rosenfield and Biele-

feldt 1993). We previously tested this proposition

(Rosenfield et al. 1992) and found no statistically

significant difference in clutch size among eye col-

or categories (P > 0.05) . We reexamined this prop-

osition with our larger sample sizes from more

Table 3. Clutch size by eye color category for breeding

male Cooper’s Hawks in Wisconsin 1980—95.

Color
Category N xa Range

Yellow 1 4.0 NA
Light orange 12 4.25 3-6

Orange 58 4.34 2-5

Dark orange 40 4.35 2-6

Red 30 4.40 2-6

a No significant differences in clutch sizes among male eye color

categories (Kruskal-Wallis test, P — 0,85)

.

years (Table 3). Again, there were no significant

differences in clutch sizes among eye color cate-

gories (

P

= 0.85). Excluding one yellow-eyed male,

mean clutch size did not vary by more than 0.15

egg, even though the range of clutch sizes ran

from 2—6 eggs. Insofar as clutch size is concerned,

male age as indexed by eye color appears to be

unrelated to male quality.

Because males continue to serve as the principal

provider of food to females and young for at least

the first 2 wk of nesding life (Bielefeldt et al. 1992)

,

we also examined male eye color in relation to

brood size. For this purpose, we divided breeding

adults into 3 categories: (1) pairs in which both

males and females were gray-plumaged birds at

least 2 yr of age; (2) pairs in which 7 additional

females were brown-plumaged yearlings mated to

gray-plumaged males; and (3) pairs in which 7 ad-

ditional males were brown-plumaged yearlings (Ta-

ble 4) . We partitioned pairs in this manner to allow

separate investigation of pairs containing birds

known to be 1 yr in age. Gray-plumaged pairs ac-

counted for 90% of all pairs. There were no sig-

nificant differences in brood sizes among male eye
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Table 4. Mean brood size by eye color category for breeding male Cooper’s Hawks and by age structure of mated

pairs in Wisconsin, 1980-95. Number in parentheses equals sample size.

Eye Color Categories

Mated Pair Age3 Light Orange Orange Dark Orange Red

Gray Males mated

to Gray Femalesb 4.00 (18) 3.46 (50) 3.63 (35) 3.92 (25)

Gray Males mated to Brown

or Gray Females15 4.00 (18) 3.47 (53) 3.56 (39) 3.92 (25)

Brown or Gray Males mated to

Brown or Gray Females15 3.67 (24) 3.46 (54) 3.56 (39) 3.92 (25)

a Gray and brown birds are those individuals >2 years of age and 1 year old, respectively.

b No significant differences in brood sizes among male eye color categories (Kruskal-Wallis Test, P = 0.13, P — 0.11, P = 0.30, for

top, middle, and bottom rows of age categories of mated pairs, respectively)

.

color categories in any of these 3 groupings of

pairs (P = 0.13-0.30). Mean brood size did not

vary by more than 0.54 nesdings among male eye

color categories even though brood sizes ranged

from 1—5 young. Younger males with light orange

eyes had mean brood sizes as large or slighdy larg-

er than older orange or dark orange-eyed males

and light orange-eyed males had mean brood sizes

essentially the same as red-eyed males, even though

the former males were probably about 2 yr youn-

ger than the latter males (Table 1).

Therefore, we think it unlikely that eye color

functions as a signal of male quality, or as a basis

for female choice of mates (Snyder and Snyder

1974). Eye color need not serve as a signal of age

or breeding experience in brown-plumaged year-

ling males, which, for example, provided 4 of the

13 males in the yellow and light orange eye color

categories of clutch size.
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Abstract.

—

We banded 218 migrating Levant Sparrowhawks (Accipiter brevipes) in the course of a raptor

banding project in Elat, Israel during the spring of 1996. To our knowledge, this is the largest sample

examined in a single season. We caught 73 adult males and 55 females, and 48 second-year (SY) males

and 42 SY females. On average, male morphometric measurements were 9% smaller than those of

females. Only 7% of all Levant Sparrowhawks caught showed obvious molt, 19% had obvious ectopar-

asites and none had asphalt contamination.

Key Words: Levant Sparrowhawk, Accipiter brevipes; migration; morphometric measurements, Israel.

Migratorio Accipiter brevipes en Elat, Israel: medidas y tiempos

Resumen.—Nosotros marcamos 218 Accipiter brevipes migrando en el curso del proyecto de marcar rapace

en Elat, Israel durante la primavera en 1996. Con nuestra conocimiento, esta muestra fue la mas grande

examinada en un tiempo singular. Nosotros pescamos 73 machos adultos y 55 hembras adultas, y 48

machos del segundo ano (SY) y 42 SY hembras. En el promedio, medidad morfometricas del macho
eran 9% mas chicos que eso de la hembras. Solo 7% de todo los Accipiter brevipes pescados ensenaron

mudar obvio, 19% tenian ectoparasiticos obvio y ninguno tenia contaminacion asfalto.

[Traduccion de Raul De La Garza, Jr.]

Israel, located at the hub of the only land bridge

between three continents, is a major junction for

birds migrating south from Eurasia to Africa in au-

tumn and north to their breeding grounds in

spring (Safriel 1968). Christensen etal. (1981) first

drew attention to the importance of Israel in rap-

tor migration and, since then, several surveys of

the raptor migration in Israel have been made in

both spring and autumn (Shirihai 1987, 1988, Shi-

rihai and Yekutiel 1991, Shirihai and Christie 1992,

Yosef 1995).

In spring, the Red Sea and the Gulf of Aqaba
act as a long deflection barrier forcing many north-

bound raptors to concentrate at Elat, Israel (Grieve

1996). Elat is situated at the northern edge of al-

most 2000 km of continuous desert in the Sahara

and Sinai. Therefore, many birds land at Elat to

rest after crossing these deserts (Yom-Tov 1988).

One such species is the Levant Sparrowhawk (Ac-

cipiter brevipes). Levant Sparrowhawks are consid-

ered scarce and information on their distribution,

populations and status is limited (Cramp and Sim-

mons 1980). Wallace (1983) estimated that there

were probably only a few hundred pairs in exis-

tence. They virtually disappear from their breeding

grounds in winter, passing down the Nile Valley to

unknown areas in Africa. Recent studies have illus-

trated that in spring, they concentrate in the Elat-

Aqaba regions in numbers ranging from 45 GOO-

55 000 individuals (Safriel 1968, Shirihai 1987,

Yosef 1995) and migrate north along the rift valley

towards Syria and Lebanon (Frumkin et al. 1995).

Recoveries of banded sparrowhawks come from
Romania, Ukraine, Russia and Syria.

The Levant Sparrowhawk is a monotypic species

and females can be up to 10% larger than males

(Cramp and Simmons 1980). Males have blue-grey

underparts and darker flight feathers. Underparts

are buff or pinkish on the breast and underwing
coverts, and the underwing is white with black

ends to the primaries (Cramp and Simmons 1980).

In contrast, females have brown-grey underparts.

Juveniles have underparts a darker brown than fe-

males and are heavily streaked with tear-shaped

elongated spots. Underwing coverts are narrowly

barred and only the tips of the primaries are

317
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darker. They have a pale throat divided by a dark

line and the tail is paler than in females (Cramp
and Simmons 1980). The only morphometric mea-

surements mentioned in Cramp and Simmons

(1980) are from museum skins.

Few migrant raptors are banded in the Middle

East, Africa and Eurasia. Because of this, we reini-

tiated a raptor banding project at Elat to further

our understanding of the migration of raptors

through band recoveries (Clark 1995). A previous

project was initiated in Elat in 1984 by the Society

for Protection of Nature in Israel (SPNI; Clark et

al. 1986), but was discontinued after spring 1988.

In the spring of 1996, we (International Birding

Center in Elat, National Aviary in Pittsburgh,

WWF-International and Israel Nature Reserves Au-

thority) restarted the project with secondary aims

of collecting data on the biometrics, molt, plum-

age, parasites and asphalt contamination of mi-

grants and to improve our capture techniques.

We captured and banded 218 Levant Sparrow-

hawks between 13 April-3 May 1996. To our knowl-

edge, this is the largest sample examined to date

of sparrowhawks caught in the same season, giving

the largest amount of morphometric data yet avail-

able from live birds of this species.

Materials and Methods

Levant Sparrowhawks were captured and banded be-

tween 13 April-3 May 1996 in the area immediately to

the north of Elat, Israel and farther north (~35 km) to

the palms of Kibbutz Samar. A fixed raptor banding sta-

tion was set up in the agricultural fields of Kibbutz Elot

that consisted of bow-nets, mist nets and dho-gazas op-

erated from a blind (Clark 1970, 1981, Clark et al. 1986).

In addition, Bal-chatri traps (Berger and Mueller 1959)

were used from a vehicle to capture perched or low-flying

raptors and box traps were placed in the date palm plan-

tations. A set of 10 6-m-high mist nets were used on the

south side of a row of 6-7-m-high trees.

All Levant Sparrowhawks captured were fitted with ap-

propriate-sized Tel-Aviv University bands. The species,

age (either SY or ASY), sex, wing chord (unflattened)

and body mass of each raptor were noted on a banding
form. Wingspread, length of culmen, hallux, and tail,

and overall length were also taken from a smaller subset

of birds. Date, time and capture device were also record-

ed. Recaptures were noted and weighed. The birds were
inspected for recent molt of remiges and rectrices, for

ectoparasites (ticks, lice, or mites) and for asphalt con-

tamination of their feathers.

We aged Levant Sparrowhawks based on plumage and
molt (Clark and Yosef, In-hand Palearctic Raptor Identi-

fication Guide, in prep.). In addition, eye color was used
as an indication of age since adults have brown eyes with

a slight reddish cast and juveniles have pale to medium
brown eyes.

We used Student t-tests for comparison of data between
age groups and sexes. We chose P = 0.05 as the mini-

mum acceptable level of significance.

Results and Discussion

We captured a total of 656 raptors during the

spring of 1996, and the second most numerous
species caught was the Levant Sparrowhawk

(33.2%). The mzyority (79.4%) were captured dur-

ing 19-29 April (173 sparrowhawks in 11 days).

Only 7% of all sparrowhawks caught showed ob-

vious molt, 19% had obvious ectoparasites and
none had asphalt contamination. Most sparrow-

hawks were captured early in the morning and late

in the evening, either prior to take-off in the morn-
ing (0700 H) or when they came to roost in the

evenings (1800 H). Few were caught at midday be-

cause most sparrowhawks soared to great heights.

Most (131, 60.1%) were caught on Bal-chatris, but

many were also caught in box traps (38, 17.4%)

and at the trapping station (47, 21.6%).

Seven Levant Sparrowhawks were recaptured

once and the number of days between captures

ranged from 0-5 d (median = 3). Only one of

these birds gained body mass between captures

and the other six lost an average of 4.5% of their

body mass.

We caught 73 (33.5%) adult males and 55

(25.2%) adult females, and 48 (22.0%) second

year (SY) males and 42 (19.3%) SY females for an

overall sex ratio of 1.3:1 (1.3:1 in adults, 1.1:1 in

juveniles). Average wing chord (t = —53.085, df =

53, P — 0.0001), wingspread (

t

= —44.813, df = 4,

P = 0.0001), body mass (

t

= —33.211, df - 53, P
= 0.0001), culmen (t = —8.315, df = 8, P =

0.0001), hallux (t = -8.222, df = 8, P = 0.0001),

tail length (t = -11.204, df = 12, P = 0.0001) and
total body length (t = —31.754, df =9,P— 0,0001)

were significantly smaller in adult males than in

adult females (Table 1 ) . In juveniles, females also

had a longer wing chord (t = —9.656, df = 43, P
= 0.0001), wingspread (

t

= —16.0, df = 1, P =

0.0397), culmen (t - -13.0, df = 5, P = 0.0001),

hallux (t = 4.443, df = 5, P = 0.0067), tail length

(f = -6.703, df= 5, P = 0.0011), total body length

(

t

= —7.869, df = 4, P = 0.0014) and heavier body

mass (t = -23.308, df = 43, P - 0.0001). Adult

males had a significantly longer wing chord ( t —
— 10.636, df = 46, P = 0.0001), wingspread (

t

=
— 12.66, df = 4, P — 0.0002), culmen (t = —2.828,

df = 8, P = 0.0222), tail length (t = —2.37, df =

9, P — 0.0418), total body length (t — —3,578, df
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Table 1. Biometrics of Levant Sparrowhawks (Accipiter brevipes) caught and banded at Elat, Israel during spring 1996

M denotes males and F females. Numbers in parentheses are those taken for skins in museums by Cramp and

Simmons (1980).

Wg Chord

(mm)
Wg Spread

(mm)
Body Mass

(g)

Culmen
(mm)

Hallux
(mm) Tail (mm)

Body Length

(mm)

M F M F M F M F M F M F M F

Adults:

Mean 219.2 234.7

(220 235)

689.0 736.0 174.8 218.8 13.0

(12.5

14.0

14.1)

13.6

(13.4

14.8

14.6)

155.1

(154

169.6

166)

318.6 344.0

SD 4.7 5.5 4.2 4.5 21.2 22.7 0.7 0.6 0.6 0.4 5.5 9.4 9.5 8.7

N 73 55 5 5 72 55 11 9 12 9 14 13 12 10

Min. 209 219 685 730 140 183 12.2 13.0 12.0 14.0 145 155 303 325

Max. 229 247

Ratio F/M 1.07

695

1.07

741 275

1.25

290 14.4

1.08

14.9 14.4

1.09

15.2 165

1.09

184 336

1.08

352

Juveniles:

Mean 211.4 226.9

(212 231)

664.4 730.0 160.6 198.5 12.2

(12.3

13.7

13.4)

13.6 15.7 147.4

(152

160.2

165)

311.6 336.0

SD 6.0 6.7 11.5 14.1 13.9 22.5 1.0 0.5 0.6 1.8 9.7 10.9 7.1 12 1

N 47 43 8 2 47 43 9 6 9 6 10 6 10 5

Min. 198 208 645 720 140 148 10.0 13.1 12.7 14.5 134 139 300 320

Max. 230 237

Ratio F/M 1.07

680

1.10

740 200

1.24

240 13.3

1.12

14.5 14.5

1.15

19.3 167

1.09

170 325

1.08

352

= 9, P = 0.0059) and heavier body mass (t =

—3.58, df = 46, P = 0.0008) but not hallux (t =
— 1.0, df = 8, P = 0.346), than juveniles. In fe-

males, no differences were found in wingspread (t

= -0.25, df = 1, P = 0.844), culmen ( t = -0.36,

df = 5,P = 0.9156), hallux (t = -1.581, df = 5, P
= 0.1747), tail length ( t

= -0.56, df = 5, P =

0.5994) and total body length (t = —0.886, df = 4,

P = 0.4259); only wing chord (t = —14.302, df =

42, P = 0.0001) and body mass (£ = —8.916, df =

42, P = 0.0001) were significandy different be-

tween adults and juveniles. Most female measure-

ments were larger by 9% than those of males and

in juveniles (8.9%) (Table 1).

The differences between the sexes and ages are

small when compared to the biometrics of similar

species. While Levant Sparrowhawk females are

larger than males by approximately 9% (as an av-

erage of seven measurements), in Shikra (A. bad-

ius

)

and in Goshawk (A. gentilis) the difference can

reach 20%, and in Eurasian Sparrowhawks (A. ni-

sus) these differences can be as great as 25%
(Cramp and Simmons 1980). Our data are similar

with the biometrics taken only from skins in mu-
seums by Cramp and Simmons (1980).
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Abstract.—We constructed artificial nesting platforms to encourage the return of nesting Bald Eagles

(Haliaeetus leucocephalus) to former breeding territories in southern Ontario, Canada. Eight platforms

were constructed in historical breeding territories along the north shores of Lakes Erie and Ontario

between 1988—95. Three platforms along the Lake Erie shoreline have been occupied by breeding adult

Bald Eagles and, from 1991—96, they have been the sites of eight nesting attempts, seven of which were

successful fledging a total of 16 young. From 1994-96, the three successful nests accounted for 15.4%

of the nesting attempts in southern Ontario.

KEYWORDS: Bald Eagle, Haliaeetus leucocephalus; nesting platforms; southern Ontario.

Plataformas artificial de nidar para Haliaeetus leucocephalus en sur Ontario, Canada

Resumen.—Para animar el regresso de Haliaeetus leucocephalus de cria a territories de erfa anteriomente

en sur Ontario, Canada, plataformas artificial para nidar fueron construidas y instaladas. Ocho plata-

formas fueron levantadas en territorias de cria historicas enseguida de la playa norte del Lago Erie

fueron ocupadas con Aguilas adultos de cria. De 1991-96, los tres plataformas resultaron en ocho
intentos de nidar, siete de ellos con exito, teniendo un total de 16 pajaritos. De 1994-96, tres intentos

con exito contaron por 15.4% de los intentos de poner en sur Ontario.

[Traduccion de Raul De La Garza, Jr.]

Bald Eagles (Haliaeetus leucocephalus) bred com-

monly along the shorelines of the Great Lakes of On-
tario before European settlement; however, their

numbers declined steadily after the mid-1800s due to

habitat loss and persecution (Broley 1952, Gerrard

and Bortolotti 1988, Austen et al. 1994, Hunter and

1 Present address: Centre for Applied Conservation Biology,

Faculty of Forestry, 270-2357 Main Mall, University of British

Columbia, Vancouver, British Columbia V6T 1Z4, Canada.
2 Present address: World Wildlife Fund, 90 Eglinton Av-

enue E., Suite 504, Toronto, Ontario M4P 2Z7 Canada.

Baird 1995). A further decrease in this Bald Eagle

population began in the mid-1 940s with the intro-

duction of organochlorine chemicals such as DDT
which caused severe reproductive impairments in sev-

eral raptor species (Spitzer et al. 1978, Grier 1982,

Springer et al. 1984, McKeane and Weseloh 1993,

Ewins et al. 1995). Weekes (1974) estimated that the

breeding population of Bald Eagles in southern On-
tario (south of Georgian Bay but including the Bruce

Peninsula) declined from approximately 100 pairs in

1950 to an estimate of 10 pairs by 1970. More rig-

orous counts of nests in 1970 recorded six pairs in
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southwestern Ontario and another 1-2 pairs in die

southeast of the province (S. Postupalsky pers.

comm.) . The Bald Eagle was listed as an endangered

species in Ontario in 1973, and between 1978-80

counts of territorial pairs ranged from three (Hunter

and Baird 1995) to six (S. Postupalsky pers. comm.).

Recovery projects aimed at increasing breeding

populations of Bald Eagles were started along the

Canadian shorelines of the lower Great Lakes in the

1980s. These projects emphasized cooperative vol-

unteer and government partnerships, and included

population and habitat management, analysis of en-

vironmental contaminants in eggs and blood of

nestlings, and interpretive initiatives. Prefabricated

nesting platforms were installed in suitable habitat

to encourage adult Bald Eagles to nest in historical

territories. Platforms were specifically installed in ar-

eas where suitable, preferred “super-canopy” trees

were scarce or absent from historical territories.

Many species of raptors including Ospreys (Pan-

dion haliaetus)
,
American Kestrels (Falco sparverius)

,

Peregrine Falcons (F peregrinus), Eastern Screech

Owls ( Otus asio) and Barn Owls ( T'yto alba) have

nested in or on artificial structures (Cadman et. al.

1987, Cade and Bird 1990, Ewins 1994, 1996). Ar-

tificial nest structures have been used as manage-

ment tools in population recovery projects for Bald

Eagles (Postupalsky 1978, Grubb 1995), Golden
Eagles

(
Aquila chrysaetos

, Postovit and Grier 1982)

and White-tailed Sea Eagles (H. albicilla, Helander

1975) . Bald Eagles have been occasionally reported

to use a variety of artificial nest structures includ-

ing wooden pallets (Dunstan and Booth 1970),

oversized, solid-based Osprey platforms (Postupal-

sky 1978, 1979), aluminum, wire-mesh baskets

(Grubb et al. 1982) and natural materials such as

sticks (Grubb 1995, M. Shieldcastle, pers. comm.).

This paper details the design and techniques

used to locate, construct and install prefabricated,

adjustable, Bald Eagle nest platforms along the

north shores of Lakes Erie and Ontario in south-

ern Ontario, Canada.

Methods

In the last several decades, most Bald Eagle nests in

southern Ontario were built in trees such as oaks ( Quer

-

cus spp.) , maples (Acer spp.), eastern cottonwood
(Popu

-

lus deltoides), hickorys ( Carya spp.) and white pine (Pinus

strobus) . Nests occurred in either super-canopy trees with-

in a woodlot or in mature trees at forest or woodlot edges

and along fence lines. Super-canopy trees were approxi-

mately 30% taller than the rest of the forest and had a

suitable tree crotch above the surrounding treeline,

thereby providing eagles with open flight paths to nests

(Stahnaster 1987).

Historical records (Ontario Ministry of Natural Re-

sources) were searched to locate sites for platform in-

stallation. Interviews with local naturalist clubs and land-

owners gave crucial information regarding historical and
current sites. Where a super-canopy tree could not be
located, a mature tree with suitable flight access within

an even-aged woodlot was chosen in an historical territory

Trees selected for platform installation had crotches

with two or preferably, three tree limbs. A suitable tree

crotch had an approximate 2-m span, was estimated to

be able to support at least 150 kg and provided two flight

paths, at least 2-m wide, to and from the platform ap-

proximately 1-1.5 m above the platform (Figs. 1 and 2).

Platforms were constructed using a 1-m2 (outside mea-
surement) frame constructed of pressure treated, all-

weather 38 X 140 mm spruce wood. In each corner, a

brace with a 19-cm long face was located at 45° to the 90°

corner of the frame, leaving a 9-cm (inside measure-
ment) triangular opening. Holes were drilled every 7.6

cm around the perimeter of the box. A single strand of

#8 galvanized (4 mm) wire was interwoven to form a

mesh floor of 7.6-cm squares. The wire provided a sturdy

base for the nest and allowed for drainage (Fig. 1).

The prefabricated frame was mounted on 2, 3-m long

(or longer when needed in larger trees)
,
pressure treat-

ed, 38 X 1140 mm spruce planks. Holes were predrilled

into the middle of both planks at 30 cm, 60 cm and 90
cm from the plank’s end. Threaded, galvanized steel rods

90 cm in length were used to attach the planks onto the

selected tree. The frame was secured to the planks using

threaded rods approximately 72.5-cm long that were bent
into U-shaped mounting clamps approximately 32.5-cm

long and 7.5-cm wide. A steel bar measuring 3 mm X 89
mm was used as a retaining plate. Four U clamps were
used, one at each of the frame/plank interfaces.

To prevent raccoon predation, predator guards were
attached to the trees (Fig. 2). These consisted of #14
sheet metal, approximately 1—1.5 m high and 3-m long

Wood screws, #8 sheet metal screw's and four 2.5 cm X 5

cm X 1 m wood straps were used to attach the predator

guard to the tree. The sheet metal was painted an un-

obtrusive brown color.

We found that three people in the tree and two on the

ground w'as the ideal team size for installing platforms.

The two people in the tree assembled the platform and
the third person handled and passed the equipment to

and from the ground crew. The planks were secured in

a horizontal position often in the forks of branches on
the tree trunk. If absolutely necessary, nails were used to

secure the planks. Holes to fit the threaded rods wrere

drilled as required. The frame was located onto the

planks allowing for two, 2-m flight paths on either side

for access to the nest. Locations of flight paths sometimes
necessitated offsetting the frame to one side of the center

of the planks and tree crotch. The frame was horizontally

secured onto the planks. Both plank and frame struc-

tures were secured well enough to support a climber’s

weight. The remaining lengths of the mounting rods

were left to allow for later adjustments as the tree grew.

The platform and adjacent trees were pruned to ensure

that the flight paths were large enough.
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12 cm dia. - seasoned oak

limb approx. 1 m long

# 6 galvanized wire (4 mm)
& 7.6 cm on centre, each way

1 m sg. - 36 x 140 mm (2"x6")

pressure treated frame

with 20 cm long corner bracee

6 mm (506") dia. threaded rod &
3 mm (

1/0") thick retaining plate

32 mm (1V4“) wide x 39 mm (3'/4")

long complete with washers & nuts

36 x 140 mm (2”x6")

pressure treated supports

approx. 3.0 m long

6 mm (506”) dia.

threaded rod - 1 m long

complete with washers & nuts

Figure 1. Bald Eagle nesting platform showing measurements and construction details.

Two oak limbs were firmly placed into the corner tri-

angles of the frame to act as building joists for nest con-
struction. Branches gathered from the ground were
placed horizontally inside the nest frame, removing the
artificial appearance of the wire floor and to provide nat-

ural materials for the eagles to perch. The predator
guard was then installed. The four wood straps were se-

cured top and bottom to the tree trunk with one strap

in each north, east, south and west direction. The metal
sheet was screwed onto the wood straps. It was attached
at the top, middle and bottom of the sheet working pro-

gressively around the trunk of the tree. The wood straps

provided the tree trunk with air ventilation thereby re-

ducing the potential for trunk rot. Any nearby tree

branches that could provide predator access to the nest
tree above the predator guard were removed.

Platforms were inspected annually from the ground to

determine the need to modify the structure. Every 2 or

3 yr we loosened the threaded rods holding the platform
to the tree, as well as the metal screws on the predator
guard, to accommodate the natural growth of the tree.

The same visits determined the need to further manage
the canopy in the vicinity of the nest platform in order
to maintain open flight paths.

Results

Eight Bald Eagle nesting platforms were in-

stalled along the shorelines of Lakes Erie and On-
tario in a range of tree species (Table 1). Three
platforms were placed in occupied territories and
five in vacant, historical territories between Octo-

ber 1988-February 1995. To date, three platforms

have been used by adult eagles that attempted to

build nests. All of these territories were occupied

by 1-2 nonbreeding eagles at some time in the

1980s. From 1991-96, there has been a total of

eight nesting attempts on nesting platforms. Seven

of these have been successful fledging a total of 16

young. From 1994-96, these three platforms have

accounted for 15.4% of the nesting attempts in the

region (Fig. 3).

Platform #1 was occupied in 1990 but it did not

produce young that year. Between 1991-95, it has

produced a total of 10 young (Table 1). In 1996,
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Figure 2. Bald Eagle nesting platform situated in nest tree showing dimensions, flight path and predator guard.

Table 1 . Locations, occupancy and success of nesting platforms in eight historical Bald Eagle territories in southern

Ontario.

Site #

Territory

Activity

in the 1980s

Year Platform

Installed Tree Species

Approx. Height (m)

Tree Platform

Year Platform

Used

Lake Erie

1 occupied 1988 shagbark hickory 29 19 1990-1995

2 occupied 1991 white ash 27 23 1992-1994

3 occupied 1993 white pine 26 22 1994-1996

vacant 1993 burr oak 24 20 —
5 vacant 1994 eastern cottonwood 27 17 —

Lake Ontario

6 vacant 1994 white oak 21 13 —
7 vacant 1995 chinquapin oak 24 18 —
8 vacant 1995 white ash 20 16 —
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Figure 3. Estimated number of Bald Eagle territorial pairs in southern Ontario 1900-96.

this territory continued to be occupied, but a new
nest was built in another tree and successfully

fledged two young.

At platform #2, one egg was laid in 1992 but

failed to hatch. Although the eagles made periodic

visits to the platform in 1993 and 1994, no young
were raised. In 1996, a single young was raised pre-

sumably by the same pair at a natural nest built in

another tree in the territory. In 1994, eagles at plat-

form #3 successfully raised three young. Although

they were observed at the platform in 1995, they

nested elsewhere and raised three young. Late in

the nesting season, however, the nest blew down in

a storm and the pair moved with their recently

fledged young back to the nesting platform which

they continued to use for the rest of the season.

The platform was used again in 1996 raising three

young.

Although no nesting attempts have been ob-

served at the Lake Ontario platforms, adult Bald

Eagles were observed in the vicinity of Platform #6

in 1996.

Discussion

The Bald Eagle population in southern Ontario

has increased steadily since 1980, when there was

only one possible successful nest. In 1996, the pop-

ulation had increased to a total of 16 breeding

pairs, 10 of which were productive. Postupalsky

(1978), observed a similar return of breeding ea-

gles in Michigan, and suggested that artificial nest

supports such as platforms may provide the nec-

essary stimulus for nest-site selection as eagles re-

turn to vacant, historical territories. The three plat-

forms used by eagles in southern Ontario were lo-

cated in territories already occupied by eagles in

the 1980s. This suggests that when locating plat-

forms in historical territories, success in attracting

breeding eagles may be dependent upon the most

recent occupation history of the site. Of the five

platforms yet to be used by eagles, none is in a

territory known to have been occupied by eagles

in the last 20 yr. Elsewhere, platforms have re-

mained unused for many years before attracting an

adult pair of nesting eagles. An oversized, solid-

base Osprey platform installed for eagles in Mich-

igan in 1982 was not utilized until 1993 (S. Postu-

palsky pers. comm.).

It is worth noting that in all three territories

where breeding has occurred on platforms, the

breeding pairs have moved to natural nests within

the territory, and in one case, have moved back to

nest on the platform. This suggests that eagles may
prefer natural nest-sites to platforms; however, plat-

forms provide a backup in case the natural nest is

destroyed.

Nesting platforms have been used successfully

elsewhere in North America to replace natural nests

that have been destroyed or threatened due to wind

and flood damage (Grubb 1983, Manion et al.

1992) or incompatible human activity (Postovit and

Grier 1982). The availability of super-canopy trees

with open crowns is a key characteristic in Bald Ea-

gle nest-site selection (Bowerman 1993). We specif-

ically installed platforms in formerly occupied ter-
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ritories where super-canopy trees were no longer

available, and ensured that the area around the plat-

form was open enough to allow flight access by trim-

ming branches from nearby trees.

The platforms that we have designed and in-

stalled are very sturdy and clearly offer a relatively

stable support for eagle nests. We expect that, over

time, reproductive losses due to nest blow down or

predation would be lower at trees fitted with plat-

forms and antipredator guards than at natural sites.
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SIXTEEN YEARS OF LEAD POISONING IN EAGLES, 1980-95:

AN EPIZOOTIOLOGIC VIEW
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Abstract.—A 16-yr (1980—95) retrospective study was conducted to assess differences in the prevalence

of lead poisoning in Bald (Haliaeetus leucocephalus) and Golden (Aquila chrysaetos) Eagles admitted to

The Raptor Center at the University of Minnesota. These years encompass the period before and after

federal legislation was enacted restricting the use of lead shot for hunting waterfowl on federal lands

(1991). Of 654 eagle admissions reviewed, 138 cases of lead-poisoned eagles were evaluated for the

following: recovery location, blood lead concentration, month of admission, radiographic evidence of

lead in the ventriculus and primary cause of admission. The prevalence of lead poisoning in eagles did

not change after 1991, but mean blood concentrations of lead in the same population decreased. These

findings call into question current theories regarding the sources of lead for eagles and the actual

mechanisms by which eagles are poisoned. Lead poisoning is a continuing problem both regionally and
internationally, and many variables related to this toxicity have yet to be conclusively defined.

Key WORDS: Bald Eagle, Haliaeetus leucocephalus; Golden Eagle, Aquila chrysaetos; federal legislation', lead

toxicity; upper Midwest.

Dieciseis anos de envenenamiento de cobre en aguilas, 1980—95: un opinion Epizootiologico

Resumen.

—

Un estudio en retrospectivo de 16 anos fue conducido para valorar diferencias en la fre-

cuencia de envenenamiento de cobre en Haliaeetus leucocephalus y Aquila chrysaetos admitidos al Centro

de Rapace en la Universidad de Minnesota. Estos anos abarcan el tiempo antes y despues de legislacion

federal que fue promulgada limitando el uso de tiros de cobre para cazar aves de agua en terenos

federales (1991). De los 654 aguilas investigados, 138 casos de aguilas envenenados por cobre fueron

evaluados por lo siguiente: lugar de recuperacion, concentracion de cobre en la sangre, mes de admitir,

prueba radiographica de cobre en el vebtriculo, la primer razon de admitir. La frecuencia de envenen-

amiento de cobre en aguilas aumento despues de 1991, pero el promedio concentraciones de sangre

con cobre en la misma poblacion reducieron. Estos descubrimientos llaman la atencion de teorias

corrientes con respecto la procedencia de cobre para agulas y los mecanismos actuales en la manera
que los aguilas estan envenenados. Envenenamiento de cobre es un problema que continua en el region

y internacional, y muchos variables relacionados con este toxico que no esta caracterizado conclusiva-

mente.

[Traduccion de Raul De La Garza, Jr.]

Lead poisoning in raptors has been well docu-

mented since the early 1970s (Benson et al. 1974,

Jacobson et al. 1977, Redig 1979, Redig et al.

1980). Depending on its severity, lead poisoning

causes specific clinical signs such as depression,

foul-smelling breath, lime-green feces, nonrege-

nerative anemia, vomiting, diarrhea, ataxia, blind-

ness and epileptiform seizures (Gilsleider and

1 Present address: 2526 Como Ave. SE, Minneapolis,

MN 55414 U.S.A.

Oehme 1982). Subclinical lead poisoning is not as

easily detected, but -it may weaken raptors and

leave them unable to hunt or more susceptible to

mortality from vehicles, power lines, steel traps,

etc. (Redig 1979).

Secondary toxicity from consumption of lead-

poisoned or contaminated waterfowl is thought to

be the predominant source of lead exposure for

wintering Bald (Haliaeetus leucocephalus

)

and Gold-

en (Aquila chrysaetos) Eagles (Feierabend and My-

ers 1984, Nelson et al. 1989, Elliott et al. 1992).
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Several studies have shown waterfowl to have a

high incidence of lead poisoning (Pattee and Hen-
nes 1983, Anderson et al. 1987, Elliott et al. 1992).

Annual losses attributed to lead poisoning have

been previously estimated to be 2-3% of the fall

population of North American waterfowl (Rellrose

1959). Dabbling waterfowl ingest lead shotgun pel-

lets found in sediments of lakes and marshes. The
lead remains in the ventriculus where it is eventu-

ally eroded and absorbed into the blood and
stored in body tissues. These birds, as well as crip-

pled waterfowl that carry pellets in their muscles

from nonlethal firearm injuries, pose a threat of

secondary lead toxicity to eagles and other animals

that ingest them.

Waterfowl are a significant food source for win-

tering Bald Eagles (Griffin et al. 1982) . Therefore,

there is the potential for lead carried in waterfowl

tissues either as bound residues or whole shot to

be ingested by wintering Bald Eagles and to be a

major cause of morbidity and mortality (Feiera-

bend and Myers 1984). The National Wildlife Fed-

eration adopted this premise to petition regulatory

restrictions on the use of lead shot for hunting wa-

terfowl. In 1991, the use of lead shotgun pellets on
all federal waterfowl hunting areas was banned. Be-

tween 1986—91, many states including Minnesota

and Wisconsin adopted similar statewide restric-

tions on waterfowl hunting. Since the implemen-

tation of the lead ban, the percentage of lead-poi-

soned eagles admitted to The Raptor Center

(TRC) has remained steady or increased. We un-

dertook a 16-yr retrospective study of Bald and
Golden Eagles admitted with clinical or subclinical

lead poisoning to assess any significant differences

in those eagles admitted from 1980-90 (prefederal

legislation) and from 1991-95 (postfederal legis-

lation) .

Methods

Screening injured eagles for lead residues is a routine

part of the admission protocol at TRC. Whole blood was
collected in heparinized syringes and submitted to the

College of Veterinary Medicine Diagnostic Laboratory,

University of Minnesota, for lead testing. Of 654 Bald and
Golden Eagles admitted to TRC from 1980-95, 138 cases

of lead poisoning were encountered, and data on recov-

ery location, blood lead concentration, month of admis-

sion, radiographic evidence of lead shot in the ventricu-

lus and whether lead toxicity was the primary cause of

admission were compiled for each case.

Blood lead concentrations were analyzed by two differ-

ent methods. The first method, used from 1980-82, was
a semiquantitative colorimetric method adapted from the

assessment of lead values in bovine blood and liver sam-

ples (Hammond et al. 1956). In 1983, we began using a

graphite furnace atomic absorption spectrophotometry
method (Varian, Model 300+ atomic absorption spectro-

photometer, Varian Inc., Australia). Lower limits of de-

tection using the spectrophotometric method were <0.2
ppm. Based on clinical experiences, eagles with blood
lead concentrations between 0.2-0.6 ppm were classified

as subclinical lead exposure and birds with concentra-
tions between 0.61-1.2 ppm were classified as clinical

(treatable) lead poisoning. Concentrations >1.2 ppm
were invariably associated with mortality. Blood lead val-

ues >1.0 ppm represented acute lead exposure, while
blood lead values <1.0 ppm (generally 0.2-0.8 ppm) in-

dicated chronic exposure (Pattee et al. 1981, Pattee and
Hennes 1983).

Prevalence of lead exposure in eagles was determined
for each year studied and the mean blood concentrations

were calculated for Group 1 (prefederal lead shot legis-

lation) and for Group 2 (postfederal lead shot legisla-

tion). Significance testing was based on a two-sample
t-test of unequal variances (Campbell and Machin 1993),

while significance testing of blood lead concentration

data was based on a chi-squared test for independence
(Siegel 1990).

Results

Lead-exposed eagles were recovered from 11

states. Minnesota and Wisconsin submitted the

most eagles and the most lead-poisoned eagles.

Minnesota submitted 25% and 42%, and Wiscon-

sin 42% and 32% of Groups 1 and 2, respectively

(Fig. 1). We tested blood from 654 eagles for the

presence of lead during 1980-95. The prevalence

of lead exposure and/or lead poisoning for indi-

vidual years ranged from 3-44%. The mean prev-

alence for Group 1 was 17.5% versus 26.8% for

Group 2 (Fig. 2). The prevalence of lead exposed

and/'or poisoned Bald and Golden Eagles in-

creased 9.3% between study Groups 1 and 2 but

the difference between the two groups was not sta-

tistically significant (

P

= 0.08) . Only one eagle out

of all those admitted had radiographic evidence of

lead shotgun pellets in its ventriculus.

Blood lead values ranged from 0.2-8.44 ppm.
There was a shift from a higher percentage of

acutely poisoned eagles (usually fatal) from 1980-

90 (Group 1 - 35% vs. Group 2 = 24%) to a high-

er percentage of chronically exposed eagles (usu-

ally subclinical) from 1991-95 (Group 1 = 50% vs.

Group 2 = 64%) (Fig. 3). Here, these differences

between the two groups were statistically significant

(P = 0.007).

Lead exposed eagles were admitted in all 12 mo
but more were admitted in November and Decem-
ber with >50% of Group 1 and >40% of Group 2

eagles admitted during these mo (Fig. 4) . The pri-
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Figure 1. Numbers of eagles admitted to The Raptor Center, University of Minnesota, from each state from 1980-

95. Group 1 (prelead shot restriction, N = 53) eagles are indicated by shaded bars and Group 2 (postlead shot

restrictions, N = 66) are indicated by the solid black bars.

mary cause for admission in Group 1 (N = 72, but

only 55 causes of admission were recorded) was

lead toxicity (27%). Secondary and tertiary causes

were miscellaneous trauma (22%) and projectile

injuries (15%). Miscellaneous trauma (32%) was

the primary cause of admission in Group 2 (JV =

66) with secondary and tertiary causes being pro-

jectile injuries (23%) and lead toxicity (17%).

Discussion

Minnesota and Wisconsin enacted a statewide

ban on the use or possession of lead shot for wa-

terfowl hunting in 1987. Since then, eagles feeding

on waterfowl in these states should not have been
exposed to any additional lead shotgun pellets.

Hunter compliance has been shown to be as high

as 98.9% for harvested ducks and 96.5% for har-
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Figure 2. The prevalence of lead poisoning in eagles admitted to The Raptor Center, University of Minnesota, 1980-

95. Group 1 (prel990 lead shot restrictions, N = 193, shaded bars) mean 17.5%; Group 2 (postlead shot restrictions,

N = 134, solid black bars) mean 26.8%.
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BLOOD LEAD CONCENTRATION
Figure 3. The number and corresponding blood lead concentrations of lead-poisoned eagles admitted to The
Raptor Center, University of Minnesota. Group 1 (prelead shot restrictions, N = 72) eagles indicated by shaded bars

and Group 2 (postlead shot restrictions, N = 66) indicated by solid black bars.

vested Canada geese in some areas (Havera et al.

1994). Therefore, in Minnesota and Wisconsin, the

number of lead shotgun pellets added to waterfowl

habitats after 1987 are presumed to be small. In

areas where the use of steel shot has been re-

quired, steel has replaced lead in the ventriculi of

sampled waterfowl by a ratio of almost 4:1 (De-

Stefano et al. 1995). One would expect, therefore,

the numbers of lead-poisoned eagles would de-

crease if waterfowl ingestion was the primary

source of lead poisoning for wintering eagles.

Our finding that the prevalence of lead in eagles

has not changed since the elimination of lead shot

indicates that wintering eagles in Minnesota and
Wisconsin may rely on other food sources, includ-

ing a variety of small mammals, birds, fish and car-

rion (Dunstan and Harpei 1975, Platt 1976, Nelson

et al. 1989). A variety of small mammals and birds

may be hunted year-round and nontoxic shot is not

required when hunting these animals.

An additional food source (and potential lead

source) may be deer offal containing lead frag-

ments that are left in the field after evisceration by

hunters. Deer offal were the source of lead respon-

sible for three of four California Condor ( Gymno

-

gyps californianus) deaths in the 1980s (Janssen et

al. 1986). Highest rates of eagle admissions to TRC
were in November and December, a period which
coincided with deer seasons in Minnesota and Wis-

consin.

Minnesota and Wisconsin are the two states in

the upper Midwest region with the largest eagle

populations and >50% of all eagles admitted to

TRC came from these two states. Eagles admitted

from late spring to early fall were probably resi-

dents of the local population, but those that were

admitted during fall and winter may have been mi-

grants from Canada (Gerrard and Bortolotti 1988).

Canada did not restrict use of lead shot for water-

fowl hunting during the years included in this

study. It is possible that migratory eagles were ex-

posed to lead in Canada, but did not succumb to

its effects until arriving on wintering grounds.

Of all eagles admitted to TRC, including those

with acute lead poisoning, only one had lead pel-

lets in its ventriculus. Radiographic evidence of the

presence or absence of lead in eagles’ ventriculi

can neither be used to estimate quantitative lead

blood concentrations nor be used to demonstrate

lead exposure.

Blood lead data supported diagnoses made
when eagles were admitted to TRC. Group 1 eagles
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Figure 4. Percentages of lead poisoned eagles admitted to The Raptor Center, University of Minnesota by month.
Group 1 (prelead shot restrictions, N = 72) indicated by shaded bars and Group 2 (postlead shot restrictions, N =
66) indicated by solid black bars.

were more acutely affected and lead poisoning was

indicated on admission forms as the primary cause

of admission. Blood lead data suggested that

Group 2 eagles were chronically exposed, and gen-

erally lead poisoning was not cited as the reason

for admission. Subclinical or chronic lead expo-

sure usually decreases an eagle’s ability to hunt and
predisposes it to injury from environmental haz-

ards such as vehicles, power lines and steel traps

(Redig 1979) which would explain why the primary

reason for admission of these eagles was miscella-

neous trauma.
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WIDE RANGING BY NESTING PEREGRINE FALCONS (.FALCO
PEBEGRINUS) DETERMINED BY RADIOTELEMETRY

James H. Enderson
Department of Biology, The Colorado College, Colorado Springs, CO 80903 U.SA.

Gerald R. Craig
Colorado Division of Wildlife, 317 W. Prospect, Ft. Collins, CO 80526 U.S.A.

Abstract.—In 1994, 2 adult male and 3 adult female Peregrine Falcons (Falco peregrinus) were radio-

tracked during hunting flights in the nesting season in Colorado. Based as many as 319 locations per

bird, 95% harmonic mean contour home ranges varied from 358-1508 km2
. All estimated ranges over-

lapped even though the most distant nests were separated by 28 km. About 60% of the locations were

less than 8 km from nest sites, but about 20% of locations for females exceeded 23 km. Searches from

aircraft verified that several hunting flights were as far as 20—43 km from nest sites and were much
greater than previously reported. One female flew at least 79 km on one flight and, during another

flight, the same bird flew over 19 km in 10 min, averaging 115 km/hr. Peregrine Falcons in Colorado

apparently obtained prey in widely separated places with no apparent dependence on any certain area.

Keywords: Peregrine Falcon-, Falco peregrinus; huntingflights; dispersion; flight speed; home range.

Amplio extencion por Falco peregrinus determinado por radiotelemetria

Resumen.—En 1994 dos machos adultos y tres hembras adultas Falco peregrinus fueron localizados con

radio durante tiempos de cazar en el tiempo de poner en Colorado. Basado en 319 lugares por pajaro,

95% promedio harmonica contorno del campo tenia una variacion de 358-1508 km2
. Todo los campos

estimados fueron traslapados aunque la distancia mas grande que los separo fue 28 km. Casi 60% de

los lugares fueron menos de 8 km del los nidos, pero casi 20% de los lugares para hembras fue mas de

23 km. Buscando con el avion confirmo que varios tiempos de cazar fueron tan largos como 20-43 km
de los nidos y fueron mas grandes que antes reportandos. Una hembra volo no menos de 79 km en

un vuelo, el mismo pajaro volo arriba de 19 km en 10 minutos, promedio de 115 km/hr. Falco peregrinus

en Colorado aparentemiente cogio presa en lugares amplio separados con aparente nada de depen-

dence en un lugar particular.

[Traduccion de Raul De La Garza, Jr.]

The sizes of raptor home ranges and the dis-

tances they travel from nest sites to forage have

long been of interest. Craighead and Craighead

(1956) provided early estimates for several species

based on direct observations, including those for a

Prairie Falcon (Falco mexicanus) which was seen

nearly 5 km from its nest site. Ratcliffe (1993) re-

viewed several reports for Peregrine Falcons {Falco

peregrinus) and found that most prey are caught

within a few kilometers of nesting areas. Neverthe-

less, some peregrines ranged many kilometers far-

ther.

The available information on peregrines thus far

suggests considerable variation in distances trav-

eled and these variations seem to be site specific.

Scottish peregrines, for instance, catch most prey

within 2 km of nest sites but they can range as far

as 6 km away (Weir 1978). In southern Scotland, a

female moved a maximum of 18 km from its nest

(Mearns 1985), and in California telemetry indi-

cated a nesting female did not range more than 8

km from its nest over several wk (Enderson and

Kirven 1983). A nesting male peregrine was fol-

lowed by helicopter over Alaskan tundra 14.6 km
from its nest, and its home range was estimated at

about 320 km2 (White and Nelson 1991). Porter

and White (1973) suggested peregrines in Utah

may hunt over marshes up to 15 km from a nest.

Able to cover huge areas, peregrines can use

nest sites far from prey concentrations allowing

them to encounter a variety of habitats and prey

species. Large hunting ranges would tend to deem-

333
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Figure 1. Distribution of harmonic mean 95% contour home ranges of adult Peregrine Falcons, May—August 1994.

Open symbols are for more outlying locations verified from aircraft on different days; all were females except for the

small square on Fort Carson (BK male).

phasize the significance of small local areas as food

sources.

We report here on the hunting flights and rang-

es of five Peregrine Falcons nesting within Fort

Carson Military Reservation in central Colorado in

1994. Topography allowed tracking of peregrines

from ridges or mountain tops so that transmitters

could be detected as far as 50 km away, allowing

more complete tracking of this highly mobile spe-

cies than had been possible previously.

Study Area

We tracked five adult Peregrine Falcons that nested at

three sites along the Front Range from 9-37 km south-

west of Colorado Springs, Colorado (Fig. 1). The highest

nest site was 2650 m above sea level. Tracking stations

were distributed such that we could survey the entire

plains area east of the Front Range where elevations

ranged from 1510 m along Fountain Creek to the east,

to as high as 2080 m near the foothills. At least six small

intermittent streams, supporting riparian floras, flowed

southeastward on the plains, but the largest drainages

were Fountain Creek on the east and the Arkansas River
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to the south. All three nests were in mountainous terrain,

overlooking the plains to the east. Conifer forests and
meadows predominated at higher elevations, woodlands
and brushlands formed a transition with grasslands on
the plains. In the mountains, water availability varied

greatly depending on slope orientation, resulting in a

patchy mosaic of meadow, woodland and forest.

Methods

We trapped the peregrines with dho-gaza nets and a

live Great Horned Owl (Bubo virginianus) ,
or nooses over

dummy eggs from 7 April-4 June 1994. Transmitters

weighing 9 g were attached to rectrices no. 4 and 5, the

last to be moulted (Beauvais et al. 1992). Five tracking

stations, each with a rotating 5-element yagi antenna on
a mast 4-m tall, were located on the most prominent
ridges or mountain tops yielding an overview of nest sites

and lowland terrain. Observations on the locations of

peregrines were obtained 9 hr per d from 0600-1500 H
and 0900-1800 H on alternate days, 5 d per wTk. Stations

were sometimes moved to improve reception.

Observers were coordinated using transceivers or cel-

lular telephones to ensure that they took simultaneous

bearings on transmitter signals. Frequent afternoon

thunderstorms interrupted data gathering. Depending
on topography and distance, signals were seldom ob-

tained by more than four stations at once, and sometimes
only one receiver could obtain a signal, especially when
falcons were on cliffs.

We used LOCATE II software (Anonymous 1993), to

estimate falcon locations for sets of three or more simul-

taneous bearings. Locations were accompanied by error

elipses varying directly in area with the closeness of the

intercepts. We arbitrarily rejected all locations with ellip-

ses of more than 5000 ha. If circular, an area of 5000 ha
would have a radius of about 4 km, a relatively small dis-

tance compared to flight ranges of peregrines we found.

We found the distributions of all estimated locations for

each bird were similar for ellipse areas in categories of

1-500, 500-1000, 1000-2500 and 2500-5000 ha; estimat-

ed locations with ellipses exceeding 5000 ha were often

outlyers. We also used locations that we obtained using

triangulations of only two bearings if the intersection of

the bearings exceeded 20°. This arbitrary limit was con-

sistent with tests made on transmitters with known loca-

tions and tended to exclude unreliable locations near the

limits of transmitter reception.

Autocorrelation between consecutive locations in

home range estimation was minimized by accepting only

locations obtained at least 1 hr apart. We found the mean
distance between two locations did not increase when the

interval was 1 hr or more using samples from combined
data for all birds. When the interval was 30 min, the

mean distance between locations (3655 m; SE = 3775 m,
N = 25) was much less than for 1 hr (6820 m; SE = 5818
m, N = 25) or for 1.5 hr (5547 m; SE = 5126 m, N =

25). The home range of each individual was estimated

using the harmonic mean 95% contour limit for data

meeting our error and autocorrelation limits (Dixon and
Chapman 1980).

In the analysis of each hunting flight, only round-trip

flights with a near complete record of locations every 10-

20 min were used. When sequential fixes suggested the

Table 1. Locations of instrumented breeding Peregrine

Falcons by error-ellipse size, and number of two-bearing

sets with intersections exceeding 20°. All locations were

at least 1 hr apart.

No. OF

Number of Locations
^OCA

by Ellipse Category (ha) '

_ _
l with 2 Total

<500
500-

1000

1000-

2500

2500-

5000

Bear-

ings

Loca-

tions

BK female 17 14 14 10 147 202

BK male 20 7 11 19 262 319

RK female 13 3 11 9 52 88

RK male 28 9 19 16 97 169

LT female 50 18 48 39 112 267

bird was perched, one estimated location was used. We
also estimated speed of flight when the distance traveled

between estimated locations was unusually great.

We also searched for instrumented peregrines five

times using a fixed-wing aircraft between 12 July-27 Au-
gust to verify locations that were extremely far from nest-

ing areas. Locations of birds were estimated by signal

strength during near approaches and were sometimes
confirmed visually.

Results

In all, three females and two males were instru-

mented and tracked (Table 1). One male (RK) was

found dead on 25 July about 15 km from its nest,

apparendy killed by another raptor. Two pairs (BK,

RK) hatched two young each but only one pair

(BK) fledged young in mid-June. The breeding at-

tempt of the third pair (LT) failed during incuba-

tion.

Harmonic mean 95% contour ranges over-

lapped but were skewed eastward from the nest

sites (Fig. 1). The latter feature may have been due

to the fact that we had better reception when we
overlooked the low terrain to the east of the Front

Range. Home range estimates based both on har-

monic mean 95% contours and minimum convex

polygons (Mohr 1947) indicated that, except for

female RK, the falcons mosdy utilized the canyons

that contained the nest sites (Table 2). The RK
female showed two centers of activity which exag-

gerated its harmonic mean contour but not the

polygon range. Before its mate died, it centered its

activity near the nest but later moved about as far

as 32 km to the southeast when its mate died. The
average harmonic mean contour range for males

was 526 km2 and for females 1116 km2
,
but varia-
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Table 2. Home range areas of adult Peregrine Falcons

in Colorado.

Bird

Area of

Harmonic Mean
95% Contour

km2

Area of Minimum
Convex Polygon

km2

BK female 1037 1344

BK male 694 1440

RK female 1508 1256

RK male 358 811

LT female 803 1152

tion between individuals was great. Minimum con-

vex polygon areas were usually much larger, again

with great variation.

We found that females had larger home ranges

than males. About 60% of locations for males were

less than 8 km from their nesting areas, and no
more than 15% were more than 24 km away while

females showed a tendency to forage farther from

their nests (Fig. 2).

8 0 n

Aerial surveys of the area showed that two fe-

males traveled considerable distances to riparian

habitat near Fountain Creek. The LT female was

found there on three days 20-22 km from its nest

and the BK female was found there twice 37 and
43 km from its nest. The latter was the farthest any

bird was found from its nest. Maximum distances

obtained during aerial surveys for the BK male and
the RK female were 19 and 30 km, respectively.

We were able to plot 56 round-trip flights from
the nest of the BK adults. Each plot included sets

of locations found at 10- or 20-min intervals, ex-

cept for a few longer intervals separating locations

certainly parts of the same flight. Adults did not

differ in average maximum distance from the nest

(Mest, P = 0.69), average total distance traveled (t-

test, P = 0.34) or average duration of the flights

( Mest, P = 0.75). In all, 21 round-trip flights were

recorded for the female, and 35 for the male (Ta-

ble 3). On average, the maximum distance flown

from the nest site was about 13 km. Six of the

flights by the male and eight flights by the female

exceeded 50 km round-trip, and one was at least

w
c
o
CO
O
O

o

£

BK female

H BK male

0 RK female

ED RK male

LT female

24-32 >32

Approximate distance from eyrie (km)

Figure 2. Percent of radiotelemetry locations by distance category from nests for three female and two male adult

Peregrine Falcons. Although males made some long flights, their activities were generally closer to the nest than

females.
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Table 3. Summary of round-trip flights from the nest of

a pair of adult Peregrine Falcons. Maximum distance was

for the farthest telemetry location from the nest. Mini-

mum total distance was the sum of straight line distances

between successive locations.

Number
Avg.

Maximum

Avg.

Minimum
Total Avg.

of Distance Distance Duration

Flights km (SD) km (SD) min (SD)

Male 21 13.3 (6.4) 40.3 (24.2) 102 (56.8)

Female 35 12.6 (6.5) 34.4 (19.2) 97 (64.6)

79 km. Some flights lasted <1 hr but the average

was about 100 min. The longest flight lasted 3.5 hr

for the female and 4.0 hr for the male.

Hunting trips sometimes included periods with

little or no movement when birds were perched or

soaring, and periods where outbound or inbound

flight was direct and swift. In the latter case, esti-

mates of average flight speed were made based on

the distance traveled in 10 min. We determined

distances for 16 of the fastest segments for the BK
male and 25 for the BK female. Distances traveled

in 10 min usually did not exceed 12.4 km (Table

4) but the male flew a maximum of 17.6 km or

about 105 km/hr. Twice the female was estimated

to have flown 19.1 km in no more than 10 min

(115 km/hr). In all three cases the birds were en-

route to or from the vicinity of a reservoir 21 km
from the nest area.

Discussion

Our estimates ofhome ranges varying from 358-

1508 km2 far exceed the estimated range of 117

km2 for a female Peregrine Falcon over a 2-mo pe-

riod in Scotland (Mearns 1985). In fact, our max-

imum distance estimate between nesting and for-

aging areas was over twice as far as that observed

in Scotland. We also found a great deal ofvariation

in distances traveled. We felt this was probably due

to vagaries in hunting success. Home range size

probably reflects prey distribution and abundance,

and conditions favoring soaring.

The vast home ranges of these peregrines greatly

exceed those of eagles reviewed by Newton (1979).

Prairie Falcon ranges have been studied more of-

ten; in Wyoming six pairs had a mean home range

of 69 km2 (95% contour harmonic mean) which

increased to 112 km2 when telemetry locations

Table 4. Observations on distances between estimated

locations of adult Peregrine Falcons taken at 10-min in-

tervals when flight was swift and direct to or from nests.

Kilometers per 10-Min Period

5.0- 7.5- 10.0- 12.5-

7.4 9.9 12.4 15.0 >15.0

Male 4 4 7 0 1

Female 10 4 7 2 2

within 500 m of the nest were excluded (Squires

et al. 1993). Marzluff et al. (1997) has also shown

that Prairie Falcons in Idaho have 95% harmonic

contour home ranges averaging about 300 km2
,

with large individual variation. Home range esti-

mates are likely affected by measurement methods,

habitat, and prey availability and considerable vari-

ation among reports should be expected.

Our findings show that peregrines are capable

of traveling great distances in short periods. The
maximum we found was 19 km in 10 min, but al-

most half of the speeds exceeded 10 km in 10 min.

Over the 3 mo, such mobility resulted in a wide-

ranging pattern of foraging flights. We found little

evidence that individual birds favored particular

places, and foraging locations were widely distrib-

uted within the home ranges. In contrast, Prairie

Falcons in Idaho were located 90% of the time in

core areas including only 38% of their convex pol-

ygon home ranges (Marzluff et al. 1997)

.

The terrain in our study area made long, shallow

high speed dives outbound from nest sites possible,

and the return trips were probably made in a sim-

ilar way after thermal soaring to gain altitude. We
witnessed the beginning of several outbound
flights but instrumented birds were actually seen

only a few times. This is consistent with our im-

pression that these peregrines hunted over ranges

so vast that their activities were spread very thinly

on the land. Specific areas, perhaps excepting

Fountain Creek, were not especially important to

the falcons, and at least, in this region, birds may
not be significantly affected by local habitat change

except near nest sites.
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MIDWEST PEREGRINE FALCON DEMOGRAPHY, 1982-1995
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Abstract.

—

Peregrine Falcon (Falco peregrinus) restoration in the midwestern U.S. has resulted in a

growing population estimated in 1995 to consist of 67 pairs. Dispersal from hack or natal sites has huge

variation, but mean dispersal distance of females (320 km) is about twice that of males (176 km).

Minimum first-year survival is 23% but actual first-year survival probably exceeds 30%. Annual survival

of territorial adults is 86% (93% for females and 79% for males). Age at first breeding is usually two

years although some females and a few males begin breeding at one year of age. Peregrines seem not

to delay first breeding beyond two years by choice. Only a small proportion of birds fledged become
breeders. Successful individuals vary greatly in productivity, which is correlated with life span. Fidelity

to territory is strong, but territorial shifts do occur. Mate fidelity appears to be a by-product of territorial

fidelity. The midwestern population of peregrines appears to be secure. Reproduction and survival are

adequate to permit growth to current carrying capacity although 80% of the peregrines nest on man-

made structures and only 20% on cliffs.

KEYWORDS: peregrine falcon) Falco peregrinus; midwest U.S.) natal dispersal, survival) productivity) nest-site

fidelity.

Demografia del Falco peregrinus en el oeste del medio, 1982-95

Resumen.

—

Restauracion de Falco peregrinus en el oeste del medio en EEUU e resultado en aumento de

poblacion estimado en 1995 que consistio de 67 pares. Dispersion natal de sitios naturales o no-naturales

tiene variacion grande, pero la distancia promedio de dispersion de hembras (320 km) es doble eso de

machos (176 km). El supervivencia minimo de el primer ano es 23%, pero supervivencia actual de

primer ano problamente sobrepaso 30%. Supervivencia actual del adultos territorial es 86% (93% para

hembras y 79% para machos) . Edad de la primer cria es por lo general dos anos aunque unas hembras

y unos cuantos machos empiezan crias en el primer ano de edad. Falco peregrinus parcen no demora la

primer cria despues de dos anos por decision. Nomas un proporcion pequeno de los pajaritos se hacen

criadores. Individuates con exito varia mucho en productividad que esta correlacionado con la duracion

de la vida. Fidelidad al territoria es fuerte, pero movimiento en el territorio si ocure. Fidelidad del par

es un producto del fidelidad territorial. La poblacion de Falco peregrinus en el oeste del medio parece

ser seguro. Reproducion y supervivencia es suficiente para permitir crecimiento a la capacidad de carga

aunque 80% de los Falco peregrinus anidaban en estructuras hechas con manos de hombre y nomas 20%
en precipicios.

[Traduccion de Raul De La Garza, Jr.]

The worldwide devastation of Peregrine Falcon

{Falco peregrinus) populations by pesticides and

the subsequent recovery by restriction of pesticide

usage is now a familiar story. In the eastern and

midwestern U.S., breeding peregrines were extir-

pated. We coordinated the restoration of the per-

egrine population in the Midwest by release of

captive-reared falcons under the supervision of

the USFWS Eastern Peregrine Falcon Recovery

Team. In this paper, we present current informa-

tion on dispersal, first-year survival, survival of ter-

ritorial adults, age of first breeding, longevity, life-

time reproduction, and fidelity to mates and ter-

ritories for the expanding Midwest peregrine pop-

ulation.

Methods

Due to restoration efforts in the Midwest, the Pere-

grine Falcon population was estimated at 67 territorial

pairs of which 53 pairs produced eggs in 1995. From
1982-95, 747 captive-produced (“hacked”) young were
released. In addition, at least 493 wild-produced (“wild”)

young were produced by the new population. Each year

an effort is made to identify all breeding birds and band
all young, with the result that most of the new population

is banded. In 1995, for example, only seven of 90 breed-

ing peregrines were unbanded (at eight additional ter-

ritories where eggs were laid the banding status of the 16

breeders was not determined) (Table 1). The combina-

339
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Table 1. Peregrine Falcon population growth and productivity in the U.S. Midwest. Young fledged includes all young

surviving to first flight from nest.

Year

Hacked
Young

Terr.

Pairs

Nesting

Pairs

Success

Pairs

Young
Fledged

Young/
Terr. Pair

Young/
Nesting Pair

Young/
Success

Pair

82-86 102 4 1 0 0 0 0 0

1987 68 6 3 1 1 .17 .33 1.0

1988 84 13 8 6 12 1.1 1.5 2.0

1989 116 16 12 9 22 1.4 1.8 2.4

1990 83 23 16 13 33 1.4 2.1 2.5

1991 no 30 22 17 36 1.2 1.6 2.1

1992 104 37 32 23 68 1.8 2.1 3.0

1993 20 53 43 33 87 1.6 2.0 2.6

1994 42 62 51 41 116 1.9 2.3 2.8

1995 18 67 53 43 118 1.8 2.2 2.7

Totals: 747 311 241 186 493 1.6 2.0 2.7

tion of a high proportion of banded birds and a region-

wide network of observers has made it possible to obtain

more data on several topics than previously available

(Ratcliffe 1980, Newton 1988).

Herein, we use the term “Midwest” to include Min-
nesota, Wisconsin, Michigan, Nebraska, Iowa, Illinois, In-

diana, Ohio, Kansas, Missouri, Kentucky, the Lake Supe-

rior shore of Ontario and southeastern Manitoba.

Results and Discussion

Dispersal. We measured natal dispersal, as de-

fined by the straight-line distance from hack or na-

tal site to first breeding site, for 73 male and 67

female peregrines. Natal dispersal showed huge in-

dividual variation, with individuals of both sexes

moving short distances or even settling at the hack

or natal site, while others moved >100 km (Fig. 1).

Longest dispersal movements were by two pere-

grines in Canada that moved into the Midwest.

One was a hacked male that moved 1520 km from

Cap Tourmente, near Quebec City, Quebec to Du-

luth, Minnesota, and a hacked female that moved
1760 km from Blomidon, Bay of Fundy, New
Brunswick to the Porcupine Mountains, western

upper peninsula of Michigan.

Despite the great individual variation, female

peregrines consistently moved about twice as far as

males, 354 km vs. 174 km (Fig. 1, x
2 = 79.1, df —

1, P < 0.001). Hacked birds (N — 152) and wild

birds (N = 38) do not differ significandy in dis-

tance of dispersal (x
2 = 2.46, df = 1, P > 0.05).

Dispersal direction appeared to be random (Ray-

leigh’s test; Z = 0.976, P > 0.05, r = 0.088), al-

though many pairs (34 of 67 in 1995) setded within

sight of the Great Lakes, demonstrating a tendency

of peregrines to remain near large bodies of water.

Greater dispersal of females than males has been

reported for other populations of peregrines. In

Alaska, Ambrose and Riddle (1988) reported natal

dispersal of 20 females to average 121 km (range

= 2—370 km, SD - 87 km) and of 6 males to av-

erage 69 km (range = 4-206 km, SD = 74 km).

Newton and Mearns (1988) reported greater natal

dispersal distances for 15 female peregrines in

Scodand (median = 68 km, maximum = 185 km)
and smaller distances for 24 males (median = 20

km, maximum = 75 km). Midwestern peregrines

dispersed farther than Alaskan birds, perhaps be-

cause suitable cliffs are more readily found in Alas-

ka than are either cliffs or tall buildings in the Mid-

west. If Scottish peregrines dispersed as far as mid-

western birds, many would find themselves at sea.

First-year Survival. Survival from fledging

through the first year is more difficult to measure.

First-year survival has previously been reported to

be 30% for North America (Enderson 1969), 29%
and 44% for Finland and Germany, respectively

(Mebs 1971), and 41% for Sweden (Lindberg

1977). Newton and Mearns (1988) calculated sur-

vival between fledging and recruitment into the

breeding population at 44% for Scotland.

We are able to give minimum survival figures for

midwestern peregrines, based on the number of

positively identified individuals seen alive after 1

January following their hatching year (1 January

was chosen arbitrarily because actual birthdays of
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Table 2. Territorial shifts in midwestern Peregrine Falcons.

Individual

Site 1

Dates, Mate
Site 2

Dates, Mate

Distance

Site 1 to
Site 2 Possible Cause Comment

F Marla 81V Colonnade, Mpls

MN, 1992-94. M
Kato 3IT

Multifoods, Mpls

MN, 1995. M Will

04Y

6.4 km Preferred taller build-

ing: Colonnade nest

15 th
fl, Multifoods nest

50th
fl

Marla killed MF-1, 9-

year-old incumbent fe-

male at Site 2 in take-

over

M Will 04Y Multifoods, Mpls

MN, 1989-93, F MF-

1. 1995, F Marla 81V

City Hall, Mpls MN.
1994. F Rusty

1 km Previous mate F MF-1

gone in 1994; male

moved to site already

occupied by replace-

ment F Rusty

F Rusty visited and re-

jected nest site at Mul-

tifoods Tower in 1994

M Maverick

05T

NCL Tower, St. Paul

MN. 03/90-04/08/

90. F Meg 12R

Ward Tower, St. Paul

MN. 1990-93. F

Comet 11V

5.6 km NCL incumbent M
Beaner returning

from winter, evicted M
Maverick in fight

04/08/90

1990 NCL eggs al-

ready laid on 04/08/

90; M Beaner helped

F Meg raise Maverick’s

young (Tordoff et al

,

1993)

M bl 1/X Univ. Manitoba,

Winnipeg. 1991, F

52V; 1992-94, F red

E/H

Delta Winnipeg Ho-

tel, Winnipeg MB.
1995. F 52V

11 km Taller building, previ-

ous male gone, terri-

tory vacant

Reunion with former

mate, see next entry

F 52V Univ. Manitoba,

Winnipeg MB, 1991,

M bl 1/X

Delta Winnipeg Ho-

tel, Winnipeg MB.
1992-94, M red 5P9;

1995, M bl 1/X

11 km Taller building, previ-

ous female gone, ter-

ritory vacant

Reunion. M 1/X and

F 52V paired at Site 1

in 1991 and at Site 2

in 1995

M Spanky 04T Control Data, Bloo-

mington MN. 1990-

91. F Rambo 08V

NCL Tower, St. Paul

MN. 1992-95, F Meg
12R

14 km Taller building, previ-

ous mate F Rambo
gone, male at NCL
gone, territory vacant

Left viable nest site

M red 6P3 Bong Bridge, Du-

luth MN. 1991-92. F

34R

Blatnik Bridge, Du-

luth MN. 1993-94. F
85R

4 km Failed nests at Site 1

both years

Left living female and

questionable nest site

M Solo 20Y Detroit MI, 1988. F

Bogey; 1989, new
unid. F; 1990, new
unid. F

Toledo OH. 1991-

93. F Nellie red 3C7
75 km Nests failed all 3 years

in Detroit

F Sunrise 55R Fisher Building, De-

troit MI. 1993. M
Pop

Terminal Tower,

Cleveland OH.
03/24/94-04/02/

94. M Szell 67Z

160 km Failed nest in 1993 in

Detroit, moved to

Cleveland, lost fight

04/02/94 to return-

ing incumbent F Ze-

nith 23W, returned to

Detroit by 04/12/94

1993 mate Pop paired

bigamously. F Sunrise

55R was given little at-

tention, her nest

failed

F Blueberry M
Oly

Cliff near Finland

MN. 1990

Cliff at Kennedy

Creek, Little Marais

MN. 1991-95

3 km Moved as a pair from

good cliff on a small

lake to small cliff on

Lake Superior

Perhaps best viewed as

move from one nest

site to another within

a large territory
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Dispersal distance (km)

Male ^Female

Figure 1. Natal dispersal distances of 140 midwestern

Peregrine Falcons from hack and natural sites.

individual birds of a given cohort varied by as

much as three months, and because most first-year

mortality occurs in the first few months after fledg-

ing or release) . Therefore, our figures are not ex-

actly comparable with previous estimates. Captive-

produced birds were considered hacked when the

hack box was opened, not when they became in-

dependent; wild-produced birds were considered

fledged if they lived to fly from the nest. In some

cases, no information about survival in the nest af-

ter three wk of age was available. For these, we as-

sumed that all of the falcons fledged because mor-

tality during the last three wk young were in nests

was very low.

Significantly more hacked males (76 of 417,

18%), were seen alive after 1 January than were

wild males (23 of 191, 12%) (x
2 = 3.23, df = 1, P

= 0.07). Of all the males we observed, 99 of 608

(16%) were known to have survived their first yr.

We also found that hacked females (59 of 311,

19%) survived significantly more than did wild fe-

males (25 of 196, 13%; x
2 = 2.93, df = 1, P = 0.09)

Age of first breeding (yrs)

Males W Females

Figure 2. Age at first breeding of 108 midwestern Per-

egrine Falcons.

and overall females showed a 17% survival rate (84

of 507).

Combining sexes, a greater number of hacked

birds (135 of 728, 19%) survived than did wild

birds (48 of 387, 12%; x
2 = 6.5, df = 1, P = 0.01).

Combining sexes of hacked and wild birds, 183 of

1115 (16%) were known to have survived beyond

the end of their yr of hatching. The fact that

hacked birds were fed to repletion until indepen-

dence probably increased their survival enabling

them to fledge at near optimum weights. A positive

relationship between weight at fledging and first-

year survival has been demonstrated for numerous

raptors (Newton 1979).

It could be argued that because 79% of the per-

egrines in the Midwest were hacked in cities or

fledged from wild pairs in cities, survival estimates

for these individuals would be higher because city-

reared peregrines are more likely to be seen, mak-

ing the differential survival of hacked versus wild

birds perhaps more apparent than real. To test

this, we compared survival of 535 birds hacked

from buildings (20%) with survival of 277 birds

fledged wild from buildings (14%); again, the
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hacked birds survived better (x
2 — 3.95, df = 1, P

= 0.047).

Actual first-year survival is, of course, better than

the minimum figures we report. The question is,

how much better? Some peregrines survive and are

reported as seen but not individually identified. We
did not count these. Others survive and go unre-

ported; this group may equal or surpass those birds

individually identified even in an area such as the

Midwest.

In early spring 1992, we tried to account for ev-

ery individual midwestern peregrine reported alive

at least to 1 January following hatch whether it was

banded or not. Of 93 such individuals, 70 were in-

dividually identified by their bands, leaving 23 ei-

ther unbanded or not identified if banded. This

suggested that about a third more survivors are

seen and reported than are individually identified

by their bands. Based on this, the overall first-year

survival of 16% that we calculated should be in-

creased to about 23%.

Survival of Territorial Adults. We measured an-

nual survival of individually identified territorial

adult peregrines through 251 “territory years.” A
territory year is the record of one territorial adult

from one breeding season to the start of the next.

Adults are assumed dead if they did not return,

unless positively known to have moved to another

territory. Between-territory shifting was rare in our

population so it was not a likely source of error in

our calculations of annual adult survival.

From 1987-95, 115 male territory years were

counted. During this time, 24 individuals died for

an average annual survival of 79%. Annual survival

of territorial males varied from 71% (1992-93) to

83% (1990-91, 91-92, 94^95). In the same period,

136 female territory years were counted. Only 10

individuals died for an average annual survival of

93%, higher than reported for most other pere-

grine populations. Annual survival of territorial fe-

males varied from 80% (1988—89) to 100% (1989—

90, 90-91). The difference in annual survival of

males (79%) compared with females (93%) was

significant (x
2 = 8.60, df = 1, P = 0.0034). Com-

bining sexes, there were 34 deaths over the 251

peregrine territory years for average annual surviv-

al of territorial adults of 86% in this midwestern

population.

Estimates of survival of territorial adults in other

populations, all based on smaller samples, are 75%
for eastern U.S. prior to 1953 (Enderson 1969),

79% for Colorado (Enderson and Craig 1988),

68% for British Columbia (Nelson 1988), 81% and

72% for Finland and Germany, respectively (Mebs

1971), 68% for Sweden (Lindberg 1977), 89% for

Scotland (Newton and Mearns 1988) and 95% for

southeastern Australia (Olsen and Olsen, 1988).

The 86% annual survival of adult territorial pere-

grines in the current midwestern U.S. population

is exceeded only by the Scottish and Australian

populations.

Peregrine populations typically include nonter-

ritorial adults and immatures. Evidence for the

nonbreeding segment of the population comes
mainly from recorded incidences when territorial

adults are killed and rapidly replaced, sometimes

within hours, by new adults. The size and annual

survival of the nonterritorial segment are usually

impossible to measure but, based on reproduction

and survival estimates for an expanding population

in Scotland, the nonbreeding segment should sta-

bilize at a minimum of three birds per breeding

pair (Newton 1988). Hunt (1988) pointed out that

adults should refrain from attempting to breed,

even if only substandard sites are available, if this

delay results in an individual producing a greater

number of surviving offspring during its lifetime.

Ratcliffe (1980) suggested that mortality was high-

er for peregrines not established on a territory be-

cause of their daily need to deal with unfamiliar

surroundings. In addition, nonterritorial birds face

a substantial risk of injury or death as they test the

occupancy of territories. In the Midwest, incapaci-

tating injuries or deaths inflicted in peregrine ter-

ritorial encounters have involved at least 10 birds

and are an important source of mortality (Tordoff

and Redig, unpubl. data)

.

Age of First Breeding. One difficulty in deter-

mining age at first breeding is confirming that the

first observed nesting of a peregrine is in fact its

first breeding attempt. Because the midwestern

population is watched closely and almost all of the

population is banded, it is unlikely that any indi-

viduals breed unobserved elsewhere before ap-

pearing on their known territories.

Our observations for 108 peregrines showed

that, although most peregrines begin nesting at

age two, females often start at age one while only

a few males breed at age one (Fig. 2). Although

adults are first reported breeding at ages three or

older (10 females, 9%; 24 males, 22%), we think

that these were birds that tried and failed in earlier

attempts or were unable to locate suitable nesting

sites or mates. Although most of these late breed-
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ers were undetected in their first two yr of life, for

several of them we know their individual histories.

Female 31R, Monticello, MN, first bred at age

four but was present on the same territory at age

two, paired bigamously with a male from an adja-

cent territory but did not breed. At age three, this

female was present intermittendy through summer
but failed to find a mate.

Male Beaner 848, St. Paul, MN, first bred in 1991

at age five. In 1988 at age two, this bird occupied

a cliff territory with a juvenile female at Hastings,

MN, but she did not lay eggs. In 1989, Beaner 848

moved 18 miles to a smokestack at Bayport, MN
and remained unmated until a male with fledged

young in St. Paul was killed in July in a collision

with an airplane. Within eight hr, Beaner 848 took

over the newly-vacant St. Paul territory, 16 miles

west of Bayport, and mated with the incumbent

female Meg 12R. In April 1990, Beaner 848 re-

turned late, displaced a new male (Maverick 05T),

and with Meg reared young fathered by Maverick

05T (Tordoff et al. 1993). It was not until 1991 that

Beaner 848 actually sired its own young.

Male Calvin 28T, Madison, WI, first bred in 1995

at age six. This male was released in Madison in

1989. It was trapped and released at Padre Island,

TX on 14 April 1990. Calvin 28T replaced male

Jade 72T in Madison in mid-June 1992. In 1993

and 1994, Calvin returned in mid-April, courted

many females but remained unpaired. In 1995,

Calvin 28T mated with a female (Anita 74R), nest-

ed for the first time and fledged three young.

Male Szell 67Z, Cleveland, OH, first bred in 1993

at age five. From 1990-93, this male paired with an

escaped female hybrid Peregrine x Prairie Falcon

(Falxo mexicanus) but no eggs were laid. In 1993,

the hybrid female was trapped and removed, and

was replaced by a juvenile female (Zenith 23W
from Omaha, NE) and the pair bred.

These examples suggest that midwestern pere-

grines are capable of breeding at two yr of age if

not at one, if the conditions allow. We think that

no peregrines in our area delay first nesting be-

yond age two.

When an individual peregrine first breeds de-

pends not only on its state of physiological matu-

ration but also on its social environment. For ex-

ample, female MF-1 hacked at the Multifoods Tow-

er, Minneapolis, MN in 1986 was identified by her

band at Fargo, ND in September 1986. In April

1987, this bird returned to its hack site and bred

with the 4-yr-old male that held the territory.

In the early years of the midwestern restoration

effort, when the whole countryside was open to

peregrines searching for nest sites, 1-yr-olds nested

more frequently. In the past few years, with the best

territories already occupied, more first-time breed-

ers and replacement breeders have been adults.

From 1987-92, in 87 nesting pairs, 20 of the 174

breeders (11%) were 1-yr-olds. From 1993-95, in

123 nesting pairs, only 13 of the 246 breeders (5%)
were 1-yr-olds.

Longevity. The oldest peregrines in the new mid-

western population, all still living in January 1996,

were a 10-yr-old female, two females that are nine,

and two 9-yr-old males. It is too early to see maxi-

mum life spans in this population but, given a pop-

ulation of 100 birds at age one with an annual sur-

vival of 86%, six birds would be expected to reach

20 yr of age, making the unlikely assumption that

senescence has no effect on annual mortality

(Newton et al. 1997). Captive peregrines may live

to about age 20. In 1995, six captive females and

12 males were still alive at age 15, two males at 16

and one male at 17 (Peregrine Fund Operation

Report 1995) suggesting that the higher mortality

of male peregrines in the wild may be involved

with hunting and defense of their territories. The
oldest wild peregrine reported was the Sun Life

female in Montreal, Quebec, that lived to age 18

(Hall 1970).

Lifetime Reproduction. Although it is too early

to measure definitive lifetime reproduction in mid-

western peregrines, where the oldest individual will

be 11 years old in 1996, some interesting infor-

mation is already available. Of those birds that

bred at least once and are already dead, 31 males

(average age at death = 4.0 yr) fledged 143 young,

or 4.6 young/male (including 17 augmented
young) . Eighteen females (average age at death =

2.7 yr) fledged 75 young, 4.2 young/female (in-

cluding 12 augmented). One 9-yr-old female (MF-

1) fledged 25 young, including five augmented, be-

fore being killed by another peregrine in 1995. De-

leting her third of the total, 17 females fledged 50

young, 2.9 young/female.

Thirty-one males still alive (average age in 1995

— 4.6 yr) have already fledged 238 young for an

average of 7.7 young/male (including 18 aug-

mented young). Thirty-six living females (average

age in 1995 — 5.1 yr) have fledged 355 young, 9.9

young/female (including 28 augmented young)

.

One male, Will 04Y, Minneapolis, MN, has

fledged 22 young, including two augmented. Male
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Bill 74T, Milwaukee, WI, has fledged 17, one aug-

mented. Female Meg 12R, St. Paul, MN, has

fledged 24 young. Female Sibella 20V, Milwaukee,

WI, has fledged 23, one augmented. The four liv-

ing females (ages 9, 9, 9 and 7 yr) each with 20 or

more young to their credit have fledged 87, a quar-

ter of the total. Fridge 43R, a cliff-nesting female,

in eight years and with four mates, has fledged 20

young at Palisade Head on Lake Superior. This

bird killed about two dozen Ring-billed Gulls (Lav-

us delawarensis) to feed its young in 1990, the only

year it raised a brood of four young.

Although the midwestern peregrine population

cannot yet be subjected to a detailed analysis of

lifetime productivity, it is already clear that in pop-

ulations of Peregrine Falcons, as in populations of

Sparrowhawks (Accipiter nisus, Newton 1989a), Os-

preys (Pandion haliaetus
,
Postupalsky 1989), and an

array of other species, a large fraction of all fledg-

lings produced die before they can breed, not all

the individuals which survive to attempt breeding

subsequently produce offspring, and successful in-

dividuals vary greatly in productivity, which is cor-

related with life span (Newton 1989b)

.

Fidelity to Mates and Territories. Midwestern

Peregrine Falcons show strong fidelity to nesting

sites as do peregrines elsewhere. Many midwestern

peregrines move several times before settling down
to breed for the first time, but once they establish

a territory they seldom move to new territories. Of
241 nestings through 1995, only ten involved adults

moving from a former nesting territory to a new
one (Table 2). Seven moves involved leaving ter-

ritories where breeding had been unsuccessful or

where a mate had disappeared. Four moves oc-

curred where a bird abandoned a successful terri-

tory for a better one, and three involved evictions

by fights (categories not mutually exclusive)

.

Fidelity to territory in peregrines is clearly strong

and probably accounts for the apparent year-to-

year durability of pair bonds. We think that fidelity

to mates, independent of mutual attraction to the

same territory, may be weak or absent. Territorial

adults seem willing to accept any bird of the op-

posite sex as a mate if it finds the territory accept-

able. Territorial males appear ready to copulate

with any willing females. Over two seasons in Mad-
ison, WI, Tim and Mary Ellestad saw courtship

feedings and some copulations between Calvin 28T
and at least eight migrating females, each pausing

for a day or two before heading north. Similarly,

in Milwaukee, WI, Greg Septon andJim Marks not-

ed that territorial male Leopold C/D attracted at

least five females in sequence in one season. Some
may have been migrants but the fourth had

fledged wild in Chicago in 1993. It was replaced by

an aggressive unbanded juvenile female that re-

mained a month but did not breed. Evidently, both

courtship feeding and copulations occur as a part

of early courtship, even in the absence of an en-

during pair bond.

Conclusion

Prospects for the Future of Midwestern Pere-

grines. Annual increases in peregrine pairs from
1987-95 show rapid growth earlier and recent lev-

eling off in percent annual increase, but absolute

annual increase remains strong. Releases of cap-

tive-produced peregrines from 1989-92 averaged

104/yr, accounting for the big increase in pairs in

1993. Numbers of wild-produced young from
1993-95 have averaged 107/yr. Wild peregrines

now produce more young each year than were

hacked in the peak years of releases.

It has been estimated that peregrine populations

would go extinct with a first-year survival of 10%,
would persist at a low level for 50 years with first-

year survival at only 20% and would grow at 25%
(Grier and Barclay 1988). This later estimate is well

below our first-year survival estimate of 30% sur-

vival. Based on our estimates that first breeding oc-

curs at 2 yrs, 60% of adult females fledge young,

production averages 2.6 young/successful female,

and there is a 14% annual mortality of adults, this

population should continue to show steady growth

to its current carrying capacity based on “service-

able breeding locations” (nesting territories)

(Hunt 1988). It is difficult to predict current car-

rying capacity because of the unprecedented heavy

use by restored peregrines of human-made struc-

tures for nesting and their inability, thus far, to nest

successfully on the traditional cliffs along the Mis-

sissippi River and its tributaries. We venture a guess

that the new population will level out at 80 to 100

territorial pairs, which would be about twice the

estimated size of the original cliff-nesting popula-

tion. The future of the restored peregrine popu-

lation in the Midwest appears secure, assuming no
new threats to the population develop in coming
years.
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Abstract.—We examined morbidity, survival and breeding success of 168 free-ranging, midwestern

Peregrine Falcons (Falco peregrinus) submitted to The Raptor Center, University of Minnesota, for vet-

erinary care during 1986-94. Field data and returns of banded birds were used to compare postrelease

survival and productivity of rehabilitated Peregrine Falcons to survival and productivity of nonrehabili-

tated wild peregrines. Falcon morbidity and treatment outcomes were analyzed from medical records.

Approximately 81% (N = 137) of Peregrine Falcons suffered traumatic injuries consisting of fractures,

dislocations and soft tissue trauma. Most injuries were caused by collisions with buildings, motor vehicles

and utility lines. Forty-one percent (N = 66) of 161 Peregrine Falcons were successfully treated, reha-

bilitated and released into the upper Midwest. Minimum estimated survival rates of rehabilitated pere-

grines were approximately 20% for >3 mo and nearly 14% (N = 9) for >1 yr. The 1-yr estimated

minimum survival rate was similar to that of banded, nonrehabilitated peregrines from the same pop-

ulation. Over 10% (N = 7) of rehabilitated Peregrine Falcons formed territorial pairs, and 6% (N = 4)

nested, producing 24 fledglings over 1-5 yr. Mean brood size at fledging was 3.0 young, similar to the

average brood size of successful peregrine pairs throughout the Midwest. This study demonstrates that,

with proper veterinary care and physical conditioning, some injured Peregrine Falcons can be restored

to good health and compete successfully in the wild. Rehabilitation of endangered raptors may enhance
population growth during early stages of species recovery.

KeyWords: Peregrine Falcon1

, Falco peregrinus; morbidity, survival, productivity, rehabilitation effectiveness; U.S.A.

Morbidoso, supervivencia, y productividad de Falco peregrinus rehabilitados en el oeste del medio, Estados

Unidos

Resumen.—Nosotros examinamos morbidoso, supervivencia, y exito de cria en 168 Falco peregrinus ad-

mitidos al Centro de Rapace en la Universidad de Minnesota, con atencion veterinario durante 1986-

94. Datos del campo en pajaros marcados que regresaron fueron usados para comparar la supervivencia

y productividad de Falco peregrinus rehabilitados contra la supervivencia y productividad de Falco peregri-

nus no rehabilitados. Los resultados del halcon muertos por enfemedades y tratamiento fueron anali-

zados de registros medicos. Aproximadamente 81% (N = 137) de Falco peregrinus sufrieron heridad

traumaticas consistiendo de fracturas, dislocada y trauma de tejido tierno. La mayoria de heridad fueron

causados en colisiones con edificios, coches y linea de servicio. Cuarenta y uno porcentaje (N = 66)

de 161 halcones fueron tratados, rehabilitados y libertados dentro de el oeste del medio. La frecuencia

de supervivencia estimada minima de halcones rehabilitados fueron aproximados 20% para <3 meses

y case 14% (N = 9) para ^1 ano. La frecuencia de supervivencia estimada minima por el ano fue

parecido como los halcones marcados no rehabilitados en la misma poblacion. Arriba de 10% (N = 7)

de halcones rehabilitados formaron pares territorial, y 6% (N = 4) hacieron nido, produciendo 24
pajaritos en 1-5 anos. El promedio de la cria fue 3.0 jovenes, parecido el exito de promedio en crias

de pares de halcones en todas partel de oeste de medio. Este estudio mostro que, con atencion veter-

inario y condicionamiento fisico unos halcones pueden estar restaurados ha buena salud y competir

con exito en el monte. Rehabilitacion de rapace en peligro de ser extinto puede mejorar el crecemiento

de poblacion durante los primer pasos de recuperacion de la especie.

[Traduccion de Raul De La Garza, Jr.]
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Peregrine Falcon (Falco peregrinus

)

restoration in

the midwestern U.S. began with the release of

eightjuvenile falcons in 1977-78 by The Peregrine

Fund. The goal was to reestablish 40-60 breeding

pairs that had been extirpated within the upper

Mississippi valley and western Great Lakes region

(Redig and Tordoff 1988a). Although peregrine

releases were terminated due to Great Horned Owl
(Bubo virginianus

)
predation, they were resumed in

1982 under the Midwest Peregrine Falcon Resto-

ration Project. Together with independent releases

in Ontario and Manitoba, this project has pro-

duced a self-sustaining Peregrine Falcon popula-

tion that, by 1994, numbered 62 territorial pairs,

51 of which nested and fledged 116 young (Redig

and Tordoff 1994).

The Raptor Center (TRC) at the University of

Minnesota has supplied veterinary medical care for

the Midwest Peregrine Falcon Restoration Project

as part of its raptor rehabilitation program. A pri-

mary assumption of raptor rehabilitation is that a

significant percentage of released birds will survive

and enter the breeding population (Martell et al.

1991) . Limited data on longevity and breeding suc-

cess of rehabilitated raptors have come from band
returns (Duke et al. 1981, Redig and Duke 1995)

and from a few studies of radiotagged birds (Ham-

ilton et al. 1988, Martell et al. 1991, Csermely and

Corona 1994). However, there have been no com-

prehensive studies comparing postrelease viability

of rehabilitated raptors with that of nonrehabilitat-

ed wild birds (Redig and Duke 1995).

Since 1982, all captive-bred Peregrine Falcons re-

leased in the upper Midwest, and the majority of

wild-produced midwestern peregrines, have been

marked with individually-coded, anodized alumi-

num and colored leg bands. This banding program

and extensive field observation has led to the iden-

tification of >90% of the breeding population of

midwestern peregrines, including some rehabilitat-

ed birds. In this paper we explore the effectiveness

of Peregrine Falcon rehabilitation by examining

morbidity, survival and breeding success of 168

midwestern peregrines admitted to TRC from

1986-94. Peregrine Falcon morbidity and treat-

ment outcomes were analyzed from medical re-

cords. Data from sightings and band returns were

used to compare postrelease survival and produc-

tivity of rehabilitated peregrines with survival and
productivity of nonrehabilitated wild peregrines.

This study has implications for conservation of

free-ranging raptors, particularly endangered spe-

cies in early stages of recovery.

Study Area and Population

The expanding midwestern peregrine popula-

tion occupies a region from southern Manitoba to

central Missouri, and from eastern North Dakota

to eastern Ohio. Approximately 70% of the breed-

ing population inhabits urban or semiurban areas,

nesting on tall buildings, bridges and smokestacks.

This distribution is markedly different from that of

the original midwestern peregrines, which, prior to

their disappearance in the 1950s, nested on low-

land cliffs along the Mississippi River and its trib-

utaries (Redig and Tordoff 1994). Although Pere-

grine Falcons have recolonized natural cliffs along

the shores of Lake Superior and Michigan’s upper

peninsula, they have not reclaimed their original

habitat along the Mississippi. This is thought to be

due largely to predation by Great Horned Owls

(Tordoff and Redig 1988).

Demographic parameters of midwestern Pere-

grine Falcons are similar to those reported for oth-

er populations of this species. Moen and Tordoff

(1993) estimated mean ages of first breeding for

midwestern peregrines of 2.4 yr for males and 1.8

yr for females. Approximately 75% of all observed

nesting attempts in the Midwest produced fledg-

lings, averaging 2.1 fledglings per attempt. The sex

ratio of wild-hatched peregrines was 1:1. Estimated

annual survival of adult midwestern peregrines was

83%, with survival of adult females slightly greater

than that of adult males. Estimated survival of first-

year peregrines was 33—43% (Moen and Tordoff

1993).

Redig and Tordoff (1994) documented 281 cases

of morbidity and mortality among Peregrine Fal-

cons in the upper Midwest. Collisions with build-

ings, motor vehicles and utility lines accounted for

nearly 50% of all injuries and deaths of known
cause. Additional hazards included aircraft colli-

sions (including one falcon that survived bilateral

wing amputation by an airplane propeller), build-

ing entrapment, starvation and disease, avicide poi-

soning, owl depredations and territorial conflicts.

Materials and Methods

Midwestern peregrines were treated for a variety of

medical emergencies. Patients were initially evaluated by

body weight measurement, physical examination, survey

radiographs and blood analysis. Time and location of res-

cue and any preexisting treatments were noted. Seriously

ill birds received intravenous or subcutaneous fluids (lac-



December 1997 Vitality of Rehabilitated Peregrines 349

TOXIN EXPOSURE

FEATHER DAMAGE

</>

Z DISEASE

(D

(/)

^ MALNUTRITION

S

NONE
o

SOFT TISSUE TRAUMA

FRACTURE OR LUXATION

0 20 40 60 80 100 120

NUMBER OF BIRDS

Figure 1. Primary clinical signs in free-ranging Peregrine Falcons received at The Raptor Center, University of

Minnesota, 1986-94.

tated Ringer’s solution) mixed with B-complex vitamins

and dexamethasone. This was followed by intramuscular

injection of iron dextran and antibiotics. These proce-

dures were generally done under isoflurane anesthesia.

Wounds were treated by removing dead tissue and irri-

gating with a warm, dilute solution of povidone iodine in

saline. Feathers were plucked around wounds and a semi-

permeable dressing was applied. Limb fractures were
temporarily immobilized by bandaging and splinting, and
a tail sheath was applied to minimize feather breakage.

Patients were housed in a warm, dark cage, and were
supported as necessary with fluids, steroids, antibiotics

and wound treatment. Once stabilized, patients were fed

skinned cut-up quail or rat, which is nutritious and de-

void of indigestible feathers and fur (Redig 1993).

Most fractures were surgically repaired, except closed

midshaft fractures of the ulna and metacarpal bones,

which were stabilized by bandaging and splinting. Pre-

operatively, the surgical site was aseptically prepared by

removing feathers (except the large flight feathers at-

tached to the ulna and metacarpal bones)
,
irrigating with

sterile saline and scrubbing with povidone iodine (Redig

1993). Fractures were repaired by external fixation or by
intramedullary pinning, stabilized as needed with cer-

clage wire and bone cement (Redig 1986). Repaired frac-

tures usually required bandaging until a fibrous callus

formed at about 3 wk. Soft tissue surgeries were generally

limited to cleansing and suturing of wounds caused by
trauma.

Patients were kept singly in padded cages (dimensions

approximately 50 x 50 x 70 cm) and were fed quail or

rat with water provided ad libitum. Bandages were
changed 2-3 d after surgery to look for signs of infection,

and again at the end of the second wk to start passive

physical therapy. Postoperative radiographs were gener-

ally made during the third wk after surgery. Surgical fix-

ation was removed once there was radiographic evidence
of a well-mineralized callus, usually about 5-6 wk after

surgery (Redig 1993).

Once fractures and soft tissues had healed adequately,

birds were given limited flight exercise in an inside cor-

ridor. Patients progressing well at this stage were moved
to a small flight room. Flight conditioning continued for

several wk according to established protocols (Chaplin et

al. 1993), first indoors and later outside on a nylon cre-

ance attached to jesses. Some birds were flown by con-

ventional falconry methods. Peregrines were released,

mostly in cities, when progress was satisfactory and when
environmental conditions were favorable. Territorial

birds were released at their nest sites if there was no ev-

idence of replacement, whereas juveniles were generally

rehacked. In one case, a juvenile peregrine was repatri-

ated with its parents that were still on territory in mid-
November.

Results

Birds ^1 yr of age comprised 77% (N = 124) of

161 peregrines for which age estimates were avail-

able. Males (N = 84) slightly outnumbered females

(

N

= 77), not a statistically significant difference

from 1:1. Seventy-five percent (124 of 166 pere-

grines) were admitted during summer and early

fall, with peak admissions occurring in mid-July to

mid-August and mid-September to mid-October.

Approximately 81% (

N

= 137) of peregrines suf-

fered traumatic injuries consisting of fractures, dis-

locations and soft tissue trauma (Fig. 1). Nearly
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Table 1. Distribution of fracture types among injured

Peregrine Falcons received at The Raptor Center, Uni-

versity of Minnesota, 1986-94.

Fracture Type

Number
of Birds Percent

Radius and/or Ulna 33 30.0

Humerus 23 20.9

Carpometacarpus 14 12.7

Coracoid 7 6.4

Mandible 7 6.4

Femur 6 5.5

Tibiotarsus 6 5.5

Tarsometatarsus 5 4.5

Scapula 3 2.7

Pelvis 3 2.7

Digit 2 1.8

Keel 1 0.9

TOTAL 110 100.0

64% (N — 70) of 110 fractures involved wings,

while leg and digital fractures accounted for 17%
(N = 19) (Table 1). Seven percent (N = 12) of

peregrines were admitted without any clinical signs

other than being recovered on the ground. These

birds, mosdy fledglings, were apparently unhurt or

were suffering mild trauma after colliding with

buildings or being harassed by aggressive older

peregrines.

Forty-one percent (66 of 161 peregrines) were

successfully treated and released after an average

rehabilitation of 103 d (range 1—692). Approxi-

mately 45% (N = 72) died or were euthanized, and

14% (N — 23) were permanendy disabled and
placed in zoos, research facilities or breeding pro-

grams. These figures are similar to mortality and
release rates reported for other species of raptors

treated at TRC (Duke et al. 1981, Martell et al.

1991).

Of 66 peregrines rehabilitated and released

from 1986-94, 74% (

N

= 49) were first-year birds.

Sightings and band returns yielded minimum post-

release survival estimates for 13 falcons, 12 of

which were from urban locations (Table 2). Ap-

proximately 20% (N — 13) were known to have

survived >3 mo after release, while nearly 14% (

N

= 9) were resighted or readmitted after ^1 yr. One
bird was still alive after >5 yr. Over 10% (N — 7)

of rehabilitated peregrines formed territorial pairs,

and 6% (

N

= 4) nested, three of which fledged a

total of 24 young over 1-5 yr. Average brood size

at fledging was 3.0 young.

Discussion

A large majority of Peregrine Falcons admitted

for medical treatment were first-yr birds recovered

in urban areas. Most had traumatic injuries ac-

quired soon after fledging or during fall migration.

The prevalence of injuries in young peregrines is

not surprising, considering the high level of per-

formance required for independence. Within a few

wk of fledging, juvenile peregrines must become

Table 2. Injuries, treatments, and postrelease survival of 13 free-ranging Peregrine Falcons rehabilitated at The
Raptor Center, University of Minnesota, 1986-94. Twelve falcons were from urban sites.

Band # Age Sex Injury Treatment Survival Comments

576-87052 <1 M
816-21950 Ad M
2206-13731 Ad M
816-21983 <1 M
2206-25401 <1 M
2206-13771 <2 M
2206-13731 <1 M
877-42531 <1 F

2206-13872 <1 M
2206-13855 <1 M
2206-18507 <1 M
2206-13771 <1 M
877-42531 Ad F

987-20796 <2 F

2206-13809 <2 M
816-58295 <1 M

Metacarpal fracture

Metacarpal fracture

Metacarpal fracture

Ulnar fracture

Radial fracture

Radial-Ulnar fracture

Humeral fracture

Humeral fracture

Humeral fracture

Tibiotarsal fracture

Metatarsal fracture

Coracoid fracture

Soft tissue trauma

Soft tissue trauma

Soft tissue trauma

Feather damage

Supportive >36 mo
Supportive >63 mo
Supportive ^8 mo
Supportive 3 mo
Supportive >22 mo
Euthanized

Surgery <1 mo
Surgery >12 mo
Surgery >12 mo
Supportive ^34 mo
Surgery >15 mo
Surgery >13 mo
Supportive Unknown
Supportive >22 mo
Supportive 3 mo
New primaries >6 mo

Paired 1988-90

13 fledglings 1992-96

2nd injury

Fatal car collision

3 fledglings 1996

2nd injury

1st injury

1st injury, paired 1988

0 fledglings 1994

Paired 1995

1st injury

2nd injury

8 fledglings 1992-93

Found dead
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skilled aerial hunters while coping with a multitude

of natural and artificial hazards, including strong

and unexpected wind gusts, tinted and mirrored

glass buildings and human disturbance (Cade and
Bird 1990). This supports previous work showing

collisions with manmade objects are the leading

cause of injury and death among midwestern per-

egrines (Redig and Tordoff 1994).

A few midwestern peregrines have been injured

or killed in territorial conflicts. In 1995, a nine-yr-

old Minneapolis falcon was found dead in her nest

box from wounds inflicted by an adult female from

a nearby territory who took her place (Redig and
Tordoff 1995). Fatal combat between territorial

birds was observed also at two other midwestern

sites. And at a site in Wisconsin, a second-yr male

killed two of its offspring in aerial attacks (Redig

and Tordoff 1988b). Despite these hazards, the

longevity of some individual urban peregrines

along with their continued population growth in

cities, attests to the adaptability of this species and

the overriding importance of prey and nest-site

availability (Cade and Bird 1990).

Data were obtained on postrelease survivorship

of 13 Peregrine Falcons encompassing 16 separate

medical emergencies. Small sample size and the

irregular nature of postrelease data recovery limit

conclusions about the relationship of injury type

to survival of rehabilitated peregrines. Injuries oc-

curred to all major parts of the skeleton, and sur-

vivors were represented among nearly all injury

categories.

The minimum estimated survival rate of re-

leased, rehabilitated peregrines in the Midwest was

approximately 14% for >1 yr. This was comparable

to the 10-11% resighting rate reported for band-

ed, nonrehabilitated peregrines from the same

population, both in southern Canada (Holroyd

and Banasch 1990) and in the upper midwestern

U.S. (Moen and Tordoff 1993) . Territorial pair for-

mation by >10% of rehabilitated peregrines in our

study, and reproduction by three falcons (one for

5 yr), demonstrates that, even after serious injury,

some Peregrine Falcons can be restored to good
health and compete successfully in the wild.

Between 1986-94, The Midwest Peregrine Fal-

con Restoration Project produced a total of 1048

fledgling peregrines (Redig and Tordoff 1994).

Sixty-four percent (N = 673) were reared in cap-

tivity and released by hacking, and 36% (N = 375)

were fledged by wild nesting pairs. Excluding a few

peregrines that may have originated outside the

Midwest, TRC received 16% and rehabilitated

>6% of the total midwestern Peregrine Falcon

population during this period. The finding that re-

leased, rehabilitated peregrines had normal surviv-

al rates, and that some birds formed pairs and
raised young, suggests that raptor rehabilitation ef-

forts were moderately beneficial to Peregrine Fal-

con restoration in the Midwest.

Within a few yr, the midwestern peregrine pop-

ulation should reach carrying capacity. Already

there is evidence of stability in urban nest territo-

ries typical of established populations (Redig and

Tordoff 1994). In Minneapolis-St. Paul, Minnesota,

four falcon territories have been occupied contin-

uously for >8 yr, despite turnover of individual res-

ident birds. While reproduction and survival of

Peregrine Falcons in the Midwest are now substan-

tially greater than adult mortality, new territories

are being established at only a moderate pace. An
expected outcome is that the population of non-

territorial peregrines will expand, leading to in-

creased competition for nest territories and quick-

er replacement of lost breeders (Redig and Tor-

doff 1994). Should this occur, survival and breed-

ing of rehabilitated peregrines, as well as that of

wild nonrehabilitated falcons, will decline as com-

petition for suitable territories and mates intensi-

fies.
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COOPERATIVE DEFENSE AND INTRASEXUAL AGGRESSION IN
SCOPS OWLS (OTUS SCOPS) : RESPONSES TO
PLAYBACK OF MALE AND FEMALE CALLS

Paolo Galeotti, Roberto Sacchi and Elena Perani
Laboratorio di Eco-Etologia dei Vertebrati, Dipartimento di Biologia Animate,

Universita di Pavia, Italy

Abstract.—We tested 1 1 male Scops Owls ( Otus scops) and their mates with the playback of conspecific

male and female calls to determine whether their response to intruders differed according to the sex

of the intruder. Eight measures of response intensity were recorded for each owl. Territorial defense

appeared to be strictly cooperative with both members of a pair reacting to intruders of either sex.

Males responded more strongly to male playbacks for five measures of response intensity indicating that

males are more aggressive toward intruding males. Females also showed a tendency to respond stronger

to female playbacks, but, overall, both sexes showed little reaction to female calls. This may provide a

mechanism for polygyny in this species.

Key Words: Otus scops, Scops Owl, cooperative nest defense, intrasexual aggression, territory defense.

Defensa cooperativa y agresion intrasexual en Otus scops: reaccion a repeticion de llamadas en machos

y hembras

Resumen.—Nosotros examinamos 1 1 machos de Otus scops y sus hembras con la repeticion del ululato

de macho y hembras conspecificos para determinar si su reaccion para intrusos era diferente segun el

sexo del intruso. Ocho medidas de contestacion intensidad fueron grabadas para cada buho. Defensas

territorial aparecieron ser estrictamente cooperative en este especie con los dos miembros reaccionando

a intruso de cada sexo. Macho reaccionaron mas agresivos a repeticiones de machos que sus hembras

pero no habia diferencia a la repeticion de hembras, con los dos sexos demonstrando poco reaccion

al ululato de la hembra. Esta puede demonstrar un mecanismo de polygyny en este especie.

[Traduccion de Raul De La Garza, Jr.]

Studies of territorial birds have shown that

males and females react to intruders of their own
sex but do not cooperate in territorial defense

when intruders are of the opposite sex (Arcese et

al. 1988, Arcese 1989, Gerrard et al. 1992). Such

intrasexual aggression is not surprising because

the loss of breeding territory is very likely to de-

crease a bird’s fitness. On the other hand, if in-

truders are of the opposite sex, territory holders

may not be directly threatened, and might even

benefit from polygamy or mate switching if their

previous partner is an inefficient forager or a bad

parent.

In many monogamous bird species, both mem-
bers of a pair cooperate in territorial defense

against single intruders of either sex (Hirons

1985, Ritchison 1986, Ens et al. 1993). Two hy-

potheses have been proposed to explain such co-

operative territory defense. If pair-bond mainte-

nance affects breeding success in some way (Per-

rins and McCleery 1985, Bradley et al. 1990), then

a male attacking a female intruder and a female

attacking a male intruder might be the expression

of their reciprocal interest in retaining their mate
on the territory. On the other hand, partners may
simply be involved in mutualistic defense, where

males and females help one another defend

against intruders (Ens et al. 1993). Both members
would benefit from participation in this type of

defense without assuming they have an interest in

retaining their current partner on the territory.

We tested some of these hypotheses using the

Scops Owl ( Otus scops) as a model. It is a migra-

tory, nocturnal raptor which defends multipur-

pose territories during breeding season (Cramp

1985). It is essentially monogamous but polygamy

can occur (Koenig 1973), and some degree of so-

ciality (loose colonies) has been observed (Gal-

eotti and Gariboldi 1994). Therefore, a study of

aggressive behavior in male and female Scops

353
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Figure 1. Sonograms of the calls of male (a) and female (b) Scops Owls.

Owls may help us better understand mechanisms

producing different mating and dispersal strate-

gies in owls.

We expected males to react more strongly to

males and females to females. If pair-bond main-

tenance affected patterns of territorial defense, we
expected members of long-established pairs to re-

spond with the same intensity to intruders of any

sex compared to members of more recently-estab-

lished pairs. Alternatively, if partners were involved

in a reciprocal altruistic system, they should coop-

erate independently of pair-bond length.

Methods

The study was carried out in the Oltrepo Pavese, a hilly

area (450 km2
) south of Pavia city in northern Italy. Al-

titude ranges between 100-600 m and the habitat consists

of vineyards, orchards and cereal croplands. Wooded ar-

eas are scarce and mainly concentrated along rivers. Vil-

lages are scattered throughout the area.

The Scops Owl population in the study area was inten-

sively studied from 1992-95. During this period, the pop-

ulation declined from a high of 37 Scops Owl pairs in

1992 to 20 pairs in 1995. Most territories (75%) were

defended by a pair each year and it was rare to find ter-

ritories where only single owls were found.

Scops Owls arrive in the study area in late March and
stay until late September. Territorial behavior (vocal dis-

play) starts after arrival and peaks in April-May; there-

after, it decreases and most birds appear to defend only

a small area around their nest sites. Egg laying and in-

cubation starts in late May-early June, and parental care

continues throughout July and August.

The vocal repertoire of the Scops Owl is dominated by

its territorial call, a musical, clear and bell-like hoot,

“kyu,” that sounds disyllabic and is repeated monoto-
nously for hours during warm, calm nights. Each male
calls in its own rhythm and its own pitch (van der Weyden
1975, Galeotti, unpubl. data) and is therefore individually

recognizable. Females also call, especially in synchro-

nized antiphonal duets (Fig. 1) with their mates (Koenig

1973, Galeotti unpubl. data). Vocal exchange between ri-

val males is clearly distinguishable from male-female

duetting by the lack of synchrony in the former calls. The
calls of male and female Scops Owls are distinguishable

in the field and through the use of sonograms because

female calls are more disyllabic, have a lower amplitude,

and a higher pitch compared to those of males (Koenig

1973, Voous 1988): 1400 Hz, SD = 0.08, range 1320-

1700, N= 12 vs. 1250 Hz, SD = 0.09, range 1130-1530,

N = 21 (Galeotti, unpubl. data). Alarm, anger, and cop-

ulation solicitation calls are also known (Koenig 1973)

but they are simple vocalizations (shrill or hiss) that are

given by both males and females in typical situations out-

side territorial contests.

We compared responses of male and female Scops

Owls to the playback of conspecific hoots of their own
and of the opposite sex. Playbacks were conducted on
calm dry nights from 2000-2400 H between 5-28 May
1994. We tested 11 pairs, whose territories had previously

been mapped in April. For the tests, we used tapes of

males and females that had been recorded in the same
study area in the previous years (SONYIC TCM-R3 tape

recorder, Sennheiser MD21N dynamic microphone, alu-

minium parabola diameter 60 cm), but that were unfa-

miliar to the owls tested because adjacent territories were

>10 km apart. Sexes of recorded owls were determined

from behavior, when possible (e.g., only females incu-

bate) ,
and on the basis of vocalizations (type and pitch)

.

The use of unfamiliar hoots and the highly scattered dis-

tribution of pairs over the study area prevented us from

using a larger sample of owls.

For all tested pairs, we used unique male and female

stimuli (e.g., 11 different male playbacks and 11 different

female playbacks) to avoid pseudo-replication (Kroodsma

1989). Responses of males and females of the same pair

were recorded in the same test so that zero to four re-

sponses could be expected from each trial (up to two

from the male and up to two from the female of the pair

being tested).

As we were able to individually recognize responding

males by spectrographically analyzing calls (Galeotti and
Pavan 1991), we sorted them into two categories (first-

settled owls and old-settled owls with 2-3 yr of continuous

occupancy) on the basis of years territories had been oc-

cupied as determined by repeated recordings within the

same territory. We recorded the tested females only in

1994 so we were unable to determine their turnover and
the length of the pair bond in each territory. However,

we assumed that first-settled males were newly mated
compared to old-settled males which were mated for 2-

3 yr.

We made playback tapes by selecting one call per owl

and repeating it at 3-sec intervals for a total of 3 min
(e.g., 20 calls/min, which corresponded closely to the

natural rate of hoot delivery in our population) . Playback
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sessions were recorded on a cassette tape at a constant

signal amplitude.

A playback test consisted of four consecutive sessions

arranged in the following sequence (Galeotti and Pavan
1993): Playback 1 (PL1), 3 min; Control Period 1 (CL1),

17 min; Playback 2 (PL2), 3 min; Control Period 2 (CL2),

17 min. If PL1 was a male, PL2 would be a female and
vice versa. The order of playback presentation was chosen
at random.
Male and female calls were broadcast from an AIWA

HSJS 215 with an amplified loudspeaker (5 watt) placed

in core areas of territories. The amplitude of playback

(50 dBspl/m) was matched to the amplitude of natural

singers (45-50 dBspl/m). To increase the validity of the

experimental stimulus, we coupled playback with the pre-

sentation of a stuffed Scops Owl mounted on the speaker.

Playback was not switched off when an owl responded,
but ceased automatically after 3 min of stimulation.

All vocal responses were recorded for further analyses,

and the following measures of response intensity were
collected directly in the field by two observers, one of

which was a “blind” observer who did not know anything

about the experiment and simply recorded the behaviors

of the owls. Both observers were hidden 10 m away from
the playback recorder: ( 1 ) latency or the time in sec from
the start of playback to the first response from the tested

pair of owls, (2) distance in m of focal owls from the

speaker at the time of first response to speaker, (3) near-

est distance in m that owls approached to the speaker,

(4) number of flights around the speaker, 5) number of
“dive-bombing” flights or attacks above the stuffed owl.

These behaviors were observed using light amplified bin-

oculars (WILDT). From recordings, we also measured:

(6) the number of calls, (7) the number of bouts, and
(8) duration of each owl’s response in sec.

We compared intensity of male and female responses

to the paired and unpaired stimuli using a Wilcoxon
matched-pairs signed-rank test. For these analyses we con-

sidered only responses of paired owls and discarded re-

sponses by single owls. We also compared responses of

first- and old-settled males to the paired stimuli using a

Wilcoxon test, while a Mann-Whitney U-test was used to

compare responses of first- and old-setded males to the

same stimulus. One-tailed tests wrere used only when the

alternative to the null hypothesis was expected a priori to

be in a specific direction.

Results

From our 11 paired tests, we obtained a total of

34 responses. Males responded 19 times and fe-

males responded 15 times. One pair did not re-

spond to the playbacks although both owls were

observed to be on the territory at various times.

We found no difference in any measure of agonis-

tic response between the first and second tests at

each nest indicating that the response to the sec-

ond treatment was not conditioned by the preced-

ing treatment.

Male and female responses did not differ by the

sex of the playback owl. Males responded 10 times

to male playbacks and 9 times to female playbacks.

Females responded 8 times to male playbacks and
7 times to female playbacks (Fisher’s exact test, P
— 1.0). Females never responded alone regardless

of the sex of the owl being played. Of male re-

sponses to playbacks of male calls, only two males

responded alone while the other eight responded

with their mates. Of male responses to female play-

backs, again only two males responded alone in-

dicating that Scops Owls are significantly more
likely to respond to intruders with their mate than

alone (x
2 = 24.03, df = 1,P< 0.0001).

Overall, the seven pairs of owls that responded

to both male and female playbacks did not show
stronger responses to intruders of their own sex

(Table 1). Nevertheless, males tended to direct

more attacks towards males than to females (Z =

1.83, P = 0.034, Wilcoxon one-tailed test) and fe-

males came closer to the speaker when responding

to females (Z - 2.02, P = 0.021, same test). In

addition, comparing male and female responses to

the same stimulus, we found that males responded
more quickly to male playbacks (Z = 2.37, P —

0.009, Wilcoxon one-tailed test), made more flights

and attacks (Z = 2.37, P = 0.009), and called more
(Z = 1.86, P ~

0.031) than did females. Males also

made more flights and attacks than did females

when they responded to female playbacks but no
further significant differences were detected be-

tween the sexes when they responded to female

calls (all P-values > 0.06).

No significant differences in any measure of re-

sponse intensity was found in either old- (N — 5)

or first-settled (N = 4) males responding to both

male and female playbacks (all P-values >0.1, Wil-

coxon two-tailed test). However, first-settled males

generally gave more aggressive responses to male
intruders than did old-settled males, although the

difference was significant only for attack number
(Zg i

— 1.93, P— 0.05, Mann-Whitney U-Test) . First-

and old-settled males did not differ for any mea-

sure of response intensity to female playback (all

P-values > 0.2, same test).

Discussion

Despite its small sample size which made accep-

tance of the null hypothesis more likely, our study

raises some interesting points concerning the de-

fense of territories by Scops Owls against conspe-

cific intruders. Our data indicate, for instance, that

territorial defense is strictly cooperative in the

Scops Owl with both members of a pair reacting



356 Galeotti et al. Vol. 31, No, 4

Table 1. Medians and interquartile range for each component of agonistic response by male (N = 7) and female

(N = 7) Scops Owls to paired playbacks of male and female conspecific calls. Only pairs responding to both stimuli

are included. P-values determined using a Wilcoxon one-tailed test; columns show response values to paired stimuli,

rows show response values to the same stimulus by males and females.

Variable Playback Male Female P

Latency (sec) M 25 (44) 119 (102) 0.009

F 54 (100) 149 (120) 0.17

P 0.09 0.4

First response (m) M 80 (120) 80 (120) 0.33

F 80 (87) 30 (63) 0.14

P 0.07 0.02

Nearest response (m) M 10 (5) 10 (75) 0.09

F 5 (5) 7 (5) 0.09

P 0.5 0.054

Flights (N) M 3 (3) 1 (2) 0.017

F 4 (3) 2 (3) 0.03

P 0.15 0.18

Attacks (N) M 1 (6) 0 (0) 0.03

F 0 (1) 0 (0) 0.09

P 0.03 0.16

Calls (AO M 194 (145) 109 (118) 0.03

F 167 (53) 152 (51) 0.2

P 0.25 0.4

Bouts (AO M 11 (18) 11 (16) 0.34

F 16 (7) 16 (6) 0.43

P 0.33 0.29

Duration (sec) M 1045 (166) 858 (635) 0.06

F 1038 (560) 1025 (465) 0.31

P 0.25 0.23

to intruders of either sex. Such cooperative de-

fense behavior does not occur in Tawny Owls (Strix

aluco) . Like Scops Owls, male Tawny Owls defend

against intruders of either sex but females are not

defensive toward males when they intrude into

their territories (B. Appleby and D. McDonald
pers. comm.). This suggests that, unlike female

Scops Owls that defend territories against intrud-

ing males, female Tawny Owls may be more prone

to mate switching if intruding males successfully

displace resident males.

We also found that responses by pairs of Scops

Owls were more common than those of single

birds. Partners often overlapped bouts of hoots in

an antiphonal vocal duet. This finding was consis-

tent with the theory that a joint response to in-

truders is more effective in maintaining territories

(Ens et al. 1993) . They may even prevent escalated

contests reducing the risk of further attack and in-

jury because a single intruder facing two defenders

would likely give up more quickly.

The intensity of responses of territory holders

did vary by sex with males responding fastest and

attacking more often male than female intruders.

Overall, females were noticeably less aggressive to-

ward intruding males than were their mates and

they never attacked intruding females while their

mates sometimes did so. As female-female aggres-

sion may be of importance for the maintenance of

monogamous pair bonds (Davies 1989, Veiga

1992), tolerance of intruding females by territorial

female Scops Owls suggests that males might easily

acquire a second mate at the beginning of the

breeding season in order to maximize reproduc-

tive success. This may explain why male Scops Owls

have a tendency to be polygynous if habitat quality

and food availability are high (Koenig 1973).

If pair-bond length is an important determinant

in the intensity of aggression, first-settled males

should have reacted more differendy to our play-

backs than old-settled males. In fact, neither first-

nor old-settled males differed significantly in the

intensity of their responses to either male or fe-

male playbacks. Nevertheless, first-settled males
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tended to respond more strongly to male than fe-

male intruders and they were more aggressive to-

wards intruders of either sex than old-settled

males. Further observations are necessary to deter-

mine whether the prevalence of polygamy increas-

es in Scops Owls as territories are become occu-

pied for long periods.
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TEMPORAL, CLIMATIC AND LUNAR FACTORS AFFECTING
OWL VOCALIZATIONS OF WESTERN WYOMING

Kathleen A. Clark1 and Stanley H. Anderson
Wyoming Cooperative Fish and Wildlife Research Unit, University of Wyoming,

Laramie, WY 82071-3166 US.A.

Abstract.—We evaluated the effect of season, time after sunset, lunar phase, cloud cover and temper-

ature on the vocalizations of Long-eared (Asio otus), Boreal (Aegolius funereus) and Northern Saw-whet

(A. acadicus) Owls in northwestern Wyoming. All three owl species were most vocal in March and April.

Boreal Owls were more vocal in the first hr after sunset while Long-eared and Northern Saw-whet Owls

vocalized most during the first two hr after sunset. Northern Saw-whet Owls sang more than expected

during half to full moons and under 50-75% cloud cover. Only Northern Saw-whet Owls responded to

temperature, singing less than expected below — 5°C.

Key Words: Long-eared Owl, Asio otus; Boreal Owl, Aegolius funereus; Northern Saw-whet Owl; Aegolius

acadicus; owl vocalization
; Wyoming.

Temporal, Climatico y Factores de Lunar afectando vocalizaciones del buho en el oeste de Wyoming

Resumen.—Nosotros evaluamos el efecto de tiempo, tiempo despues del puesta del sol, etapa lunar,

nublado y temperatura en la vocalizacion de Asio otus, Aegoliusfunereus y A. acadicus en el oeste del norte

en Wyoming. Todo los tres especie de buho fueron mas vocales en marzo y abril. Aegoliusfunereus fueron

mas vocales en la primer hora despues que la puesta de sol mientras Asio otus y A. acadicus vocalizaron

mas durante las primer dos horas despues que la puesta de sol. A. acadicus canto mas que esperado

durante lunas llenas y de mitad y abajo de 50-75% cubierto de nubes. Solo A. acadicus respondio a

temperatura, cantando menos que esperado en menos de — 5°C.

[Traduccion de Raul De La Garza, Jr.]

Vocalizations are used widely to locate and iden-

tify various species of owls. Their taped songs are

played along routes or specific locations in late

winter-early spring when many owls are territorial

and vocalize to attract mates. There are many fac-

tors that may influence owl vocalizations. For in-

stance, both physiological and environmental in-

fluences have been found to contribute to the sea-

sonal or daily timing of courtship behavior and the

frequency of avian vocalizations (Armstrong 1963,

Welty and Baptista 1988). Temperature extremes

also act as a secondary means of timing seasonal

breeding activity by either advancing or delaying it

(Armstrong 1963, Best 1981, Welty and Baptista

1988) . In owls, high winds and heavy precipitation

are known to deter owl vocalizing (Johnson et al.

1981, Palmer 1987, Smith 1987, Morrell et al.

1991). In addition, interspecific competition, intra-

specific vocalization frequencies, prey densities

1 Present address: P.O. Box 6710, Jackson, WY 83001

U.S.A.

and even lunar cycles can directly or indirecdy af-

fect owl calling and breeding activity (Robbins

1981, Hayward and Garton 1988, Hejl and Beedy

1986, Palmer 1987)

.

Since vocalizations are used in the estimation of

owl populations, it is important that environmental

variables affecting owl calling be identified. Sur-

veys made during periods or conditions when owl

vocalizing is suppressed may lead to erroneous

population or species counts. We designed this

study to identify the effects of season, time after

sunset, lunar phase, cloud cover and temperature

on the vocalizations of Long-eared (Asio otus) ,
Bo-

real (Aegoliusfunereus) ,
and Northern Saw-whet (A.

acadicus) Owls.

Study Area

The study took place in western Wyoming, 56

km south ofJackson. It encompassed approximate-

ly 113 700 ha (1137 km2
) of the Grey’s River Rang-

er District, Bridger-Teton National Forest. Mean
annual temperature for areas above 2100 m is

358
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— 20°C with the coldest months of the year being

December and January (USFS 1990). Typically,

only a 2-wk-period during the year is frost-free

(June or early July). Total average precipitation is

l.5 m (USFS 1990) and the majority of this falls as

snow (>66%) ,
with the highest snowfall during De-

cember. Maximum snow accumulation occurs in

April, ranging from approximately 1-3 m in depth

(USFS 1990). Most summer precipitation occurs

through intense thunderstorms (>5 cm/hr of

rain), Elevational changes are extreme. The river

valley occurs at approximately 1768 m and the

tallest peaks reach approximately 3350 m.

The Grey’s River drainage represents a vegeta-

tive transition zone between the plant communities

of the Great Basin and the Southern Rocky Moun-
tain Regions (USFS 1990). Approximately 30% of

the area consists of meadow and lowland, riparian

shrub or upland shrub vegetation. In the lowland

riparian shrub communities, willows ( Salix spp.)

dominate the habitat, whereas in the upland shrub

communities, mountain big sagebrush (Artemisia

tridentata

)

dominates (Steele et. al. 1983).

Most common tree species are lodgepole pine

(Pinus contorta), Engelmann spruce (Picea engel-

manni), subalpine fir (Abies lasiocarpd) and Doug-

las-fir (Pseudotsuga menziesii). They represent ap-

proximately 40%, 20% and 2% of the study area’s

respective habitat types (USFS 1990). Dominant
stands of Engelmann spruce exist sporadically

along stream terraces, benches or seeps (Steele et

al. 1983).

Hardwood stands represent only a small portion

of the area (about 5%). These usually consist of

small stands of quaking aspen (Populus tremuloides

)

that occur on upland mesic sites. A small amount
of mature narrowleaf cottonwood (Populus angus-

tifolia) stands are scattered along the floodplains.

Methods

We developed a network of 26 transects for the Grey’s

River study area (18 in 1992 and eight in 1993), which
encompassed an elevational gradient between 1760-2700
m. Based on a preliminary overview of the area, we
placed transects randomly in accessible areas with low av-

alanche potential. We chose areas accessible in each hab-

itat type from the total available by means of str atified

sampling. Because the study had a high degree of patch-

iness, we could not contain transects within homogenous
habitat segments. The distance between transects varied,

but no transect was closer than 1 km, and most were >5
km apart.

Transect length varied from 3-10 km (134 km total).

Transect width was also variable. Any vocalizing owl that

could be identified and located was considered to be

within the sample area. During the initial phase of the

study, we determined the distance we could hear owl and
taped calls. As a result, we established a separate survey

protocol for each transect.

We only collected data on calm nights with little wind
(<10 km/hr) or precipitation in 1992 and 1993. We did

not conduct surveys on windy, wet nights because we had
difficulty getting to transect locations. The literature also

indicates high winds and heavy precipitation inhibit owl

vocalizations (Springer 1978, Johnson et al. 1981, Smith
and McKay 1984, Palmer 1987, Smith 1987, Morrell et al

1991). From 1 March-1 June, we recorded vocalizations

by snowmobile, ATVs, snowshoes and skis. This sampling
period corresponded with the early courtship and most
vocal period for most owls in the area. We surveyed each
transect three times during a field season from sunset to

sunrise. In 1992, we surveyed each transect at least once
during a half waxing to full moon phase, a new moon
phase and a quarter moon phase.

Along each transect, we stationed observers at 250 m
intervals at alternating calling and listening stations. Call-

ing stations were 500 m apart, as were listening stations,

but the distance between the two stations was 250 m. At
calling stations, one observer played a series of recorded
owl vocalizations, using a portable cassette recorder

equipped with an amplified speaker system, while listen-

ing and looking for owls. At listening stations, observers

looked and listened for owls while the tape was being
played at the adjacent calling station. Using this tech-

nique, we were able to sample a greater area and better

identify distant owls that could not be heard by only one
observer. In addition, we could more easily determine
owl locations when two people simultaneously “triangu-

lated” upon the same owl location.

Vocalizations of all three owl species were played start-

ing with the smallest species first, and ending with the

largest species. We chose this method to antagonize any
owls present in the immediate vicinity, without intimidat-

ing the smaller owls by playing the largest owl vocaliza-

tion first. At each calling station, 45 sec of primary vo-

calizations was followed by 90 sec of listening. We felt that

we could get the best response if each species’ vocaliza-

tion was played twice before progressing to the vocaliza-

tion of the next species. When an owl responded, we
recorded both the species and its location. We recorded
only the location of the initial response to prevent double
sampling of individuals that may have followed us along

the sampling transect. If an owl was already vocalizing,

we recorded its location without playing the tape. Thus,

our results use both birds that were calling and respond-

ing to taped vocalizations.

We used a Chi-square goodness-of-fit test to determine
if season, time of night, temperature, cloud cover or lu-

nar phase affected owl vocalizations. If a variable was sig-

nificant, we used a 95% Bonferroni confidence interval

to determine significant categories (Neu et al. 1974,

Byers and Steinhorst 1984).

Results

All three species of owls showed noticeable sea-

sonal trends in their vocal activity but all three

were most vocal from March-April in both years.
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Table 1. Percent of Long-eared (LEOW), Boreal

(BOOW), and Northern Saw-whet (SWOW) Owl vocali-

zations recorded by sampling periods and hours after

sunset in the Grey’s River drainage of western Wyoming.

LEOW BOOW SWOW

Sampling Periods

01-15 Mar. 1992 31 19 27

1993 60 37 11

16-31 Mar. 1992 06 32 10

1993 30 11 32

01-15 Apr. 1992 38 13 31

1993 — 38 28

16-30 Apr. 1992 — 24 10

1993 — 14 11

01-15 May 1992 12 06 07

1993 10 — 18

16-31 May 1992 13 06 15

1993 — — —
Hours after Sunset

0-1 1992 38 53 21

1993 23 44 22

1-2 1992 23 07 25

1993 33 20 35

2-3 1992 23 20 24

1993 18 06 23

3-4 1992 08 20 16

1993 25 24 16

4-5 1992 08 — 14

1993 — 06 04

Sample size: LEOW 1992 = 13, 1993 = 12; BOOW 1992 = 15,

1993 = 16; SWOW 1992 = 162, 1993 = 28.

Most (75%) of the Long-eared Owl vocalizations

were recorded from 1 March-15 April (Table 1).

In 1992, 31% of these were in early March and

there was a second peak in early April when an

additional 38% of the vocalizations were recorded

(38%). In 1993, 60% of all Long-eared Owl vocal-

izations occurred during a 2-wk-period from 1

March-15 March. An additional 30% was heard

from 16 March-31 March. Overall, 90% of the vo-

calizations in 1993 were heard before 1 April (Ta-

ble 1).

Seasonal Boreal Owl patterns of vocalizations

were similar both in 1992 and 1993 (Table 1). Peak

periods occurred in March and April, during

which time >80% of all Boreal Owl vocalizations

were recorded. Boreal Owl song activity declined

in May in both years. We found a difference in

seasonal song patterns in each year of our study.

In 1992, more vocalizations were heard in late

March and late April (32% and 24%, respectively).

In 1993, these biweekly peaks occurred in early

March (37%) and early April (38%).

There were also annual differences in the vocal-

ization patterns of Northern Saw-whet Owls (Table

1). In 1992, saw-whets displayed a biweekly peak

with peaks occurring in both the first half of March

(27%) and the first half of April (31%). In 1993,

we heard more saw-whets after 15 March, which

was consistent until 15 April. During the last half

of March and the first half of April, we heard over

half of all saw-whet vocalizations (32 and 28%, re-

spectively) . Even with annual differences, a season-

al saw-whet vocalization pattern developed with

over 70% of the vocalizations occurring from 1

March-15 April in both years.

Long-eared Owl vocalizing peaked within the

first 2 hr after sunset (Table 1 ) . Annual differences

were evident. In 1992, 38% of nightly long-eared

vocalizations occurred within 1 hr of sunset. This

peak was followed by a gradual decrease through-

out the remainder of the night. In 1993, no hourly

trend was obvious. Over half of the long-eared vo-

calizations occurred within the first 2 hr after sun-

set but they continued for at least 4 hr following

sunset.

In both years, Boreal Owls appeared to be the

most vocal within the first hour after sunset (Table

1). This was followed by a decline between 1-2 hr

after sunset with a slight increase until 4 hr after

sunset when vocalizations decreased again.

We heard more Long-eared and Northern Saw-

whet Owls within the first few hours of sunset. Saw-

whets increased their singing from sunset to a peak

1-2 hr postsunset (Table 1). After 2 hr, saw-whet

singing decreased gradually throughout the night.

Annual differences were not apparent for saw-whet

nightly song patterns.

We found that Northern Saw-whet Owls showed

differences in vocal activity in relation to the phase

of the moon (Table 2). Saw-whets vocalized more

than expected during a waxing half to full moon
phase. Boreal and Long-eared Owls did not appear

to respond to lunar changes.

Cloud cover did affect Northern Saw-whet Owl
vocalizations (Table 3). Bonferroni 95% Cl indi-

cated that saw-whets were more vocal with 50—75%

cloud cover but cloud cover did not significantly

affect Long-eared or Boreal Owl vocalizations.

The Northern Saw-whet Owl was the only species

we found to be affected by ambient temperature
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Table 2. Chi-square P-values for observed versus expected vocalizations of Long-eared (LEOW) , Boreal (BOOW)
and Northern Saw-whet (SWOW) Owls in relation to lunar phase in the Grey’s River drainage in western Wyoming
Comparison made with Bonferroni 95% confidence intervals (Byers and Steinhorst 1984).

Species

Chi Square

P-Value Category1

Observed

Singing

95% Confidence

Interval

Expected

Singing

LEOW 0.213

BOOW 0.706

SWOW 0.003 1 0.1695 0.0869-0.2521 0.1704

2 0.3955 0.2879-0.5031 0.2817*

3 0.1017 0.0352-0.1682 0.1722*

4 0.3333 0.2295-0.4371 0.3756

a 1 = one day after a new moon through V2 waxing; 2 = one day after a Vi waxing through full moon; 3 = one day after a full moon
through Vi waning; 4 = one day after Vi waning through new moon. * = significant at alpha = 0.05.

(Table 4). It vocalized less than expected below

-5°C.

Discussion

Our results showed that Long-eared, Boreal and

Northern Saw-whet Owls change the patterns of

their vocalizations during the breeding season but

only the vocalizations of the Northern Saw-whet

Owl are affected by phase of the moon, tempera-

ture and cloud cover.

The majority of male long-ear vocalizations oc-

curred from early March to mid-April. In Idaho,

long-ears nest from mid-April to early May and ap-

proximately 1-2 wk after egg laying, males de-

crease their vocalizing (Craig and Trost 1979,

Johnsgard 1988, Voronetsky 1987). Based on this,

we concluded that long-ears started nesting in our

study area in early April.

Boreal Owls should show a peak in calling activ-

ity at 40°N latitude when the photoperiod consists

of 14 hr of darkness (Palmer 1987, Bondrup-Niel-

sen 1984). In studies conducted in northern Col-

orado and eastern Idaho, boreal calling intensity

increased in March and peaked during April (Hay-

ward and Hayward 1989, Palmer 1987). Our results

were very similar with the peak in calling activity

occurring from March-April. This suggested that

the majority of Boreal Owls nested by early May in

the Grey’s River study site.

We observed an annual variation in Northern

Saw-whet Owl calling. This may have been related

to changes in prey densities (Palmer 1987, Jones

1991). Due to the decreased chance of successful

nesting, many resident owls may not vocalize when
prey populations were low (Palmer 1987, Jones

1991). In addition, latitudinal and elevational mi-

grations in the Rocky Mountain region (Johnsgard

1988) may cause decreases in prey populations.

In 1992, we heard 177 Northern Saw-whet Owl
vocalizations compared to only 28 in 1993. Sam-

pling effort (less in 1993) and the type of habitat

sampled (more coniferous in 1993) were different

Table 3. Chi-square P-values for observed and expected vocalizations of Long-eared (LEOW), Boreal (BOOW) and

Northern Saw-whet (SWOW) Owls in relation to cloud cover in the Grey’s River drainage of western Wyoming.

Comparison made with Bonferroni 95% confidence intervals (Byers and Steinhorst 1984).

Species

Chi Square

P-Value Category1

Observed

Singing

95% Confidence

Interval

Expected

Singing

LEOW 0.627

BOOW 0.531

SWOW 0.005 1 0.5714 0.4830-0.6598 0.6061

2 0.1735 0.1059-0.2411 0.1873

3 0.1837 0.1146-0.2529 0.1068*

4 0.0714 0.0254-0.1174 0.0998

a 1 = 0—24% cloud cover; 2 = 25—49% cloud cover; 3 = 50—74% cloud cover; 4 = 75-100% cloud cover. * = significant at alpha =

0.05.
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Table 4. Chi-square P-values for observed and expected vocalizations of Long-eared (LEOW)
,
Boreal (BOOW) and

Northern Saw-whet (SWOW) Owls in relation to ambient temperature in the Grey’s River drainage of western Wyo-
ming. Comparison made with Bonferroni 95% confidence intervals (Byers and Steinhorst 1984).

Species

Chi Square

P-Vai.lt; Category1

Observed

Singing

95% Confidence

Interval

Expected

Singing

LEOW 0.941

BOOW 0.163

SWOW 0.018 1 0.0 none 0.0235*

2 0.4859 0.3920-0.5798 0.3942

3 0.4068 0.3145-0.4991 0.4376

4 0.1073 0.0491-0.1654 0.1447

a 1 = <— 6°C; 2 = — 5°C to 0°C; 3 = 1°C to 5°C; 4 = >6°C. * = significant at alpha = 0.05.

between the two years. These factors were likely to

have contributed to the differences observed be-

tween years.

Decreasing light intensity is the most important

factor for stimulating the initiation of nightly owl

calling (Armstrong 1963). Most owl species exhibit

a biphasic nightly calling pattern. Peak calling in-

tensity usually occurs within 2-3 hr after sunset,

followed by another predawn increase (Johnson et

al. 1981, Smith 1987, Hayward and Garton 1988).

We had difficulty comparing our results with oth-

ers. Standardization is needed in reporting nightly

calling activity for owls. Much of the literature has

reported nightly vocalizations by time. Photoperi-

od increased approximately 1-2 min/day during

the late winter/spring at our study site. This could

have a marked effect in northern temperate

regions. Over long seasonal sampling periods, the

differences in photoperiod would be considerable

with daylight increasing as much as 90 min over a

90-d period.

Moonlight changed light intensity and could

have affected owl calling. Owls including Great

Horned Owls (Bubo virginianus) Boreal Owls ( Otus

kmnicotti), Northern Saw-whet Owls and Western

Screech-owls are stimulated to vocalize by moon-
light, especially a bright waxing to full moon cycle

(Johnson et al. 1981, Palmer 1987, Morrell et al.

1991). Our results did not support this and showed
that only saw-whets called more than expected dur-

ing a waxing half to full moon phase. Boreal Owl
seasonal patterns showed biweekly peaks which co-

incided with a full moon phase.

Similarly, our results were not consistent with

those of Palmer (1987) in terms of the affect of

cloud cover and temperature on the vocalizations

of these three owls. Unlike Palmer, who reported

an increase in vocalizations on clear nights in Bo-

real and Northern Saw-whet Owls, we found only

vocalizations of the Northern Saw-whet Owl to in-

crease during 50-75% cloud cover. Palmer did not

find any significant results regarding temperature

and calling activity for Boreal and Northern Saw-

whet Owls. He did note, however, that most Boreal

Owls vocalized over temperatures ranging from
— 10°C to 5°C, and most saw-whets vocalized be-

tween —5°C and 0°C. Our study showed that ex-

tremely low temperatures inhibited Northern Saw-

whet Owl calling with vocalizations occurring less

than expected when temperatures were <5°C. Nev-

ertheless, our small sample size may have impacted

our results and caused the Chi-square statistic to

be a more liberal estimate (Roscoe and Byars 1971,

Neu et al. 1974)

.
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Abstract,—Pellets of adult and nestling Great Horned Owls (Bubo virginianus) were collected at 12 owl

territories nearJunin de los Andes (Neuquen, Argentine Patagonia) during the breeding seasons of 1991—

92 and 1994—95. Mammals represented 69% of the total prey items (N = 1324) identified and Reithrodon

auritus (16%), Lepus europaeus (12%) and Ctenomys haigi (12%) were the most common species. Arthropods

accounted for 27% of the total prey by numbers. The two main prey items by biomass were the introduced

lagomorphs L. europaeus and Oryctolagus cuniculus (55%) and those prey that we identified were mainly

young that weighed <1000 g. There were no major variations in the diets of owls between mountain and

plains areas, but the diversity of small mammals taken was higher in mountain areas. In plains areas,

analysis of variation between the first and second halves of the brood-rearing period showed that rodents

increased in the diet near the time of fledging. We felt that the low frequency of lagomorphs in the diet

of Patagonian Great Horned Owls in comparison with horned owls at similar latitudes in the northern

hemisphere may have been due to the fact that Patagonian horned owls weighed 30-40% less and were

constrained in the predatory habits by the large size of adult lagomorphs. Large rodents and young

lagomorphs may be more optimal prey for Great Horned Owls in Patagonia.

Key WORDS: Great Homed Owl\ Bubo virginianus; food habits', lagomorphs', Patagonia.

Dieta de Bubo virginianus en el noroeste de la Patagonia argentina: el papel de los lagomorfos introd-

ucidos

Resumen.—Se colectaron 491 egagropilas de nacurutu (Bubo virginianus

)

en el area de Junin de los

Andes (Neuquen, Patagonia argentina) durante las estaciones reproductivas de 1991-1992 y 1994—1995.

Los mamiferos fueron el 69% del total de presas (n=1324) dominando Reithrodon auritus (16%), Lepus

europaeus (12%) y Ctenomys haigi (12%). Los artropodos representaron el 27% de las presas. La principal

contribution en biomasa provino de los lagomorfos introducidos L. europaeus y Oryctolagus cuniculus

(55%). Los lagomorfos predados fueron juveniles de menos de 1000 g de peso. No se detectaron

variaciones en la dieta entre localidades de montana y de llanura pero la diversidad de roedores en la

dieta fue mayor en la montana. En una localidad de llanura, el analisis de la variation de la dieta entre

dos partes del periodo de desarrollo de polios en el nido revelo un incremento en los roedores hacia

la epoca de vuelo de los polios. La baja frequencia de lagomorfos en la dieta de los buhos patagonicos

respecto a conespecificos de latitudes nortenas equivalentes podria ser debida al pequeno tamano del

predador en comparacion con el del lagomorfo adulto. Los roedores de gran tamano y los jovenes

lagomorfos pueden ser las presas mas optimas.

[Traduction Autores]

The Great Horned Owl (Bubo virginianus) is dis-

tributed throughout North and South America in

1 Present address: Ayacucho 1389 3°E, Buenos Aires,

Argentina.

all biomes except the tundra (Burton 1973). Al-

though its food habits are well known in North

America, in temperate South America reports are

scarce. Data are available from three localities of

the Mediterranean and arid biomes of Chile

364



December 1997 Diet of Great Horned Owls in Patagonia 365

(Yanez et al. 1978, Jaksic and Yanez 1980, Jaksic et

al. 1986), and in one of the Argentine Pampas

(Jaksic 1983). In addition, Yanez et al. (1978), Jak-

sic et al. (1986) and Iriarte et al. (1990) have com-

pared the food habits of the species in two differ-

ent areas from the Chilean Patagonia.

Two Old World lagomorph species, the Euro-

pean hare (Lepus europaeus) and the rabbit ( Oryc-

tolagus cuniculus)
,
have been introduced recendy in

Patagonia (Housse 1953, Grigera and Rapoport

1983). The Great Horned Owl preys heavily on lag-

omorphs in many regions of North America (see

Donazar et al. 1989). In central Chile, however, de-

spite their high densities, hares and rabbits have

shown a low incidence in the owl’s diet. This is

perhaps due to a failure to adapt to the capture of

novel prey (Jaksic and Soriguer 1981), or to an “es-

cape in size” of prey with respect to the owl’s size

or to the high availability of small mammals as al-

ternative prey (Jaksic 1986).

In this paper, we describe the diet of the Great

Horned Owl during the breeding season in north-

western Argentine Patagonia. We examine geo-

graphical and seasonal variations and discuss which

factors may determine the frequencies of the two

introduced lagomorphs in the owl’s diet.

Methods

The study area was located within a radius of 70 km
around the city ofJunin de los Andes, province of Neu-
quen, Argentina (70°30'-71°30'W; 39

o
30'-40°20'S). The

area is in the Precordilleran region (Pearson and Pear-

son 1982) and has a steep transition from lowland plains

to the Andean piedmont mountains, the city of Junin
being in the transition zone between the two areas.

Mountains occupy the northwestern part of the study

area, with peaks reaching 1600 m. Plains (600 m eleva-

tion) are in the southeastern part of the study area and
are dissected by steep valleys. The weather is cold and
dry with a pronounced gradient of rainfall from the

mountains (800 mm mean annual precipitation) to the

plains (300 mm). The area is in the Patagonian phyto-

geographic province, Western District (Cabrera 1976).

The vegetation is typically mixed grass and shrubs. Dom-
inant herbaceous species are Mullinum spinosum, Senecio

spp., Stipa spp. and Poa spp. The most common shrubs

are Chacaya trinervis, Berberis darwinii and Schinus molle. In

valley bottoms and topographic depressions, there are

marsh zones, called “mallines,” with dense herbaceous

vegetation where dominant plant species are Cortadiera

araucana, Juncus spp. and Carex spp. Woody species such

as Maytenus boaria and Salix humboldtiana are frequent in

valleys and near mallines, particularly in the mountain
area.

We collected Great Horned Owl pellets during the

owl’s breeding season from October-December 1991-92,

and from October-January 1994-95. We collected sam-

ples at 12 breeding sites. Only fresh pellets were sampled
and we discarded those that might have been regurgitat-

ed prior to or after the breeding season. At one of the

plains nesting sites, we made two visits in late November
and early January which corresponded with the first and
second half of the nestling period.

Prey remains were identified using skull taxonomic
keys (for small mammals, Pearson 1986) and voucher
specimens (lagomorphs, birds, reptiles and arthropods)

collected in the study area and in museum collections.

Weight of lagomorphs appearing in pellets was estimated

from comparisons to skeletons of rabbits and hares of

known weight collected in the study area. Individuals

were ascribed to one of three classes according to body
mass: <300 g, 300-1000 g, and >1000 g.

To describe the diet of the Great Horned Owls in our
study, we used the parameters proposed by Jaksic et al.

(1986): (1) geometric mean of the prey based on bio-

mass values of small mammals obtained from Pearson

(1984) and Redford and Eisenberg (1992); lagomorphs
from comparisons with skeleton collections, and birds,

reptiles, amphibians and arthropods from voucher spec-

imens. (2) Diet breadth calculated with Levins’ (1968)

index: Bobs = 1/pi2
), where pi is the relative frequency

of each prey taxon; this index varies from 1-n. (3) Stan-

dardized diet breadth calculated following Colwell and
Futuyma (1971): Bsta = (Bobs - Bmin)/(Bmax - Bmin )

where Bmin = 1 and Bmax = n. Its value ranges from 0-1

and permits one to establish comparisons between sam-

ples with different numbers of prey categories.

Partitionings of Chi-square contingency tables were
made after Siegel and Castellan (1988).

Results

We identified 1324 prey items in 491 pellets (Ta-

ble 1). Mammals comprised the majority of prey

(69%); the species most eaten were Reithrodon au-

ritus (16%), Lepus europaeus (12%) and Ctenomys

haigi (12%). Arthropods were next in numerical

frequency, with Coleopterans (21%) and Scorpion-

idans (5%) the most common. Birds (3%), reptiles

(1%) and amphibians (0.4%) were poorly repre-

sented. Based on biomass, the main prey was the

European hare (46%), followed by C. haigi (14%),

R. auritus (11%) and O. cuniculus (9%). The bio-

mass of reptiles, amphibians and arthropods was

negligible (<1%).
Rabbit remains occurred less frequently in pel-

lets than did European hares. Both rabbits and

hares were available as prey at four nesting areas.

In three of these areas, hares occurred more fre-

quently than rabbits in the diets (9.7 vs. 2.3%, N
= 308; 15.1 vs. 2.6%, N = 544; 27.8 vs. 9.7%, N =

72). In the fourth nesting area, rabbits occurred

over 3 times more frequendy in the diet (12.5 vs.

37.5%, N = 40). The 38 European hares we iden-

tified most were small- and medium-sized individ-

uals; 30 (78.9%) were <300 g and 8 (21.0%) 300—
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Table 1. Prey consumed by Great Horned Owls in Junin de los Andes region (Neuquen, Argentinian Patagonia).

We show data for two different physiographic areas: mountain and plains. Percent composition is shown for numeric

frequencies (%n) and biomass (%b).

Prey

Weight
Mountain Plains Total

(g)
a n %n n %n n %n %b

MAMMALIA 643 68.7 261 68.7 904 68.7 91.4

Ctenomys haigi 164 104 10.3 50 15.7 154 11.6 13.7

Galea musteloides 226 — — 2 0.6 2 0.1 0.3

Microcavia australis 286 — — 4 1.2 4 0.3 0.7

Galea or Microcavia 256 — — 19 6.0 19 1.4 3.0

Akodon sp. 29 12 1.2 54 16.9 66 5.0 1.2

Auliscomys micropus 73 21 2.1 — — 21 1.6 0.9

Chelemys macronix 72 5 0.5 — — 5 0.4 0.2

Eligmodontia typus 21 18 1.8 15 4.7 33 2.5 0.4

Euneomys sp. 85 15 1.5 — — 15 1.1 0.8

Geoxus valdivianus 26 6 0.6 — — 6 0.4 0.1

Oryzomys longicaudatus 33 13 1.3 2 0.6 15 1.1 0.3

Phyllotis darwini 58 25 2.5 12 3.8 37 2.8 1.3

Reithrodon auritus 82 185 18.4 32 10.0 217 16.4 10.9

Calomys musculinus 18 1 1.0 — — 1 0.1 —
Rattus norvegicus 250 2 2.0 — — 2 0.1 0.3

Unidentified rodents 30 77 7.7 30 9.4 107 8.0 2.0

Marmosa pusilla 60 1 1.0 1 0.3 2 0.1 0.1

Oryctolagus cuniculus 334* 36 3.6 10 3.1 46 3.5 9.4

Lepus europaeus 475* 127 12.6 30 9.4 157 11.9 45.8

AVES 28 2.8 5 1.6 33 2.5 7.7

Anas sp. 800 5 0.5 — — 5 1.6 2.5

Milvago chimango 260 3 0.3 — — 3 0.2 2.4

Falco sparverius 130 2 0.2 1 0.3 3 0.2 0.2

Callipepla califomica 205 6 0.6 — — 6 0.4 0.7

Vanellus chilensis 298 7 0.7 — — 7 0.5 1.3

Zenaida auriculata 129 1 1.0 1 0.3 2 0.1 0.2

Caprimulgus longirostris 80 — — 1 0.3 1 0.1 —
Sturnella loyca 111 1 1.0 — _

_

1 0.1 0.1

Unidentified Passeriform 70 2 0.2 2 0.6 4 0.3 0.2

Unidentified bird 80 1 1.0 — — 1 0.1 0.1

REPTILIA 4 0.4 11 3.4 15 1.1 0.4

Iguanidae 19 — — 2 0.6 2 0.1 —
Serpentes 200 2 0.2 — — 2 0.1 0.2

Unidentified reptile 20 2 0.2 9 2.8 11 0.8 0.1

AMPHIBIA 5 0.5 — — 5 0.4 —
Anura 10 5 0.5 — — 5 0.4 —

ARTHROPODA 278 27.7 84 26.3 362 27.3 0.5

Coleoptera 2 240 23.9 44 13.7 284 21.4 0.3

Araneae 2 — — 1 0.3 1 0.1 —
Solifugae 2 2 0.2 1 0.3 3 0.2 —
Scorpionida 4 34 3.4 38 11.9 72 5.4 0.2

Crustacea 7 2 0.2 — — 2 0.1 —
Total prey 1005 319 1324

Geom. mean weight of prey 36.3 32.2 36.5

Bobs 7.22 10.65 8.67

Bsta 0.16 0.26 0.20

a Weights were means calculated from numeric frequencies of each biomass category (see methods)

,
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Table 2. Geographic (mountain and plains) and season-

al variations in prey frequencies by number in the diet

of Patagonian Great Horned Owls. Seasonal variation was

examined in a plains locality: November and December
samples correspond to the first and second half of the

nestling period, respectively. For statistical treatments,

birds, reptiles and amphibians were pooled in a single

category.

Geographic Seasonal

Prey Mount. Plains Nov. Dec.

Rodents 52.4 55.9 46.7 61.7

Lagomorphs 16.2 12.5 14.9 10.5

Birds 2.8 1.6 1.9 1.5

Reptiles 0.4 3.4 1.9 4.5

Amphibians 0.5 — — —
Arthropods 27.7 26.3 34.6 21.9

Chi-square 3.953 8.892

df 3 3

P 0.267 0.031

1000 g. We also caught and weighed 136 European

hares. Of these, 61 (44.9%) were <300 g, 74

(54.4%) 300-1000 g and 1 (0.7%) >1000 g.

The diet of Great Horned Owls did not show

clear differences between mountain and plains ar-

eas (Table 2) . The geometric mean of prey biomass

was similar between the two areas (36.3 g in moun-
tains and 32.2 g in plains) but diet breadth indices

were higher in plains (Bobs : 7.22 vs. 10.65, Bsta : 0.16

vs. 0.26) . More rodent species occurred in the diet

of horned owls in mountainous areas than on the

plains (12 vs. 8 species). Six species were taken ex-

clusively in mountains: Auliscornys micropus, Chelemys

macronyx, Euneomys sp, Geoxus valdivianus, Calomys

musculinus and Rattus norvegicus, whereas only two

were exclusive to the plains: Galea musteloides and
Microcavia australis.

There was a significant seasonal variation in the

diet at one of the plains nesting areas (Table 2).

Partitioning of the degrees of freedom of the Chi-

square table revealed that birds plus reptiles, in

comparison to lagomorphs, and then to arthro-

pods, did not differ in their frequencies between

the first (P > 0.20) and second part (

P

> 0.50) of

the nestling period with rodents being consumed
significandy more in the last part of the breeding

period than in early stages (x
2 = 6.360, df = 1, P

< 0.02) . Between the first and second halves of the

nesding period, the geometric mean of prey bio-

mass nearly doubled from 25.0 to 49.3 g and the

niche breadth increased (Bobs from 8.72 to 9.85,

Bsta from 0.21 to 0.24).

Discussion

Our results indicate that, in Patagonia, as else-

where, the Great Horned Owl is a generalist pred-

ator taking prey ranging from invertebrates to lag-

omorphs. We found its most common prey in Pa-

tagonia to be small- and medium-sized mammals
such as rodents and young lagomorphs. Rodents

(14 species) made up 53% of the diet by numbers
and two species, Ctenomys haigi and Reithrodon au-

ritus, were the dominant prey. In this same area,

Barn Owls ( Tyto alba) have been also been report-

ed to preferentially capture R auritus, but they also

take the smaller Akodon sp. and Eligmodontia typus

in numbers that closely follow their availability

(Pearson 1986, Travaini et al. 1997). Therefore, it

appears that the larger sized Great Horned Owl
selects larger rodent species with relatively high

biomass, relative to the Barn Owl (see also Jaksic

and Yanez 1980). The Great Horned Owl also

hunts from perches (Rudolph 1978) and thus may
benefit by concentrating its foraging activity in pre-

dictable places with high prey densities such as ar-

eas that support colonies of C. haigi. Ctenomys spe-

cies spend most of their life underground but they

probably become vulnerable to owl predation

when they forage at night in the vicinity of burrow

entrances (Redford and Eisenberg 1992).

The observed differences in rodent diversity in

the diet of Great Horned Owls between mountains

and plains (12 vs. 8 species) may reflect the com-

position of local rodent assemblages which are

more diverse in the humid, open areas of the An-

dean precordillera (Pearson and Pearson 1982).

This difference may also be related to the intro-

duction of European lagomorphs which has un-

doubtedly reduced the reliance of horned owls on
rodents in the plains areas of Patagonia.

Lagomorphs represent 15% by numbers in the

diet of Great Horned Owls in Argentine Patagonia

whereas in Chilean Patagonia the numeric fre-

quencies vary during spring and summer from 0.6

to 5.3% (Jaksic et al. 1986). In both areas, the oc-

currence of lagomorphs in the diet is lower than

in similar latitudes in the Northern Hemisphere
where lagomorphs reach 29.3% in temperate for-

ests, 24.2% in grasslands, 19.0% in Mediterranean

scrubland and 15.7% in mountain areas (see Don-

azar et al. 1989). The relatively low presence of

lagomorphs in the diet of Patagonian Great
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Horned Owls is unlikely due to “novel prey rejec-

tion” (Jaksic and Soriguer 1981), because Euro-

pean hares have been in this area since 1900 (Gri-

gera and Rapoport 1983) and they are now very

abundant reaching spring-summer densities of

2000 individuals/km2 (Novaro etal. 1992). Rabbits

appeared only 5-yr ago in this area of Patagonia

but they have already reached densities greater

than in Europe (Howard and Amaya 1975).

More likely, the low incidence of lagomorphs in

the diet of Patagonian horned owls is related to

their ability to “escape by size” (Jaksic 1986). That
is, lagomorphs (adult animals) are much too large

to be captured by this relatively small form of Great

Horned Owl. Two freshly dead Great Horned Owls

in our study area weighed 820 and 910 g. This was

30-40% less than the body mass of horned owls

living at similar latitudes in North America (1543

g for B. v. virginianus and 1354 g for B. v. occiden-

tals, Earhart and Johnson 1970). Adult European
hares in the study area have a mean body mass of

3250 g, reaching up to 4600 g whereas adult rabbit

body mass is around 1700 g (Amaya 1979). As a

result, Great Horned Owls are only able to capture

European hares when young. Hares are certainly

available, as evidenced by the fact that the Grey
Eagle-buzzard ( Geranoaetus melanoleucus) , a larger

raptor living in the study area, includes up to 76%
of hares in its diet and even displays a functional

response by capturing more hares during the sum-

mer probably as a consequence of their higher

availability and of the eagle increase in breeding

requirements (Hiraldo et al. 1995, Pavez et al.

1992).

Small Patagonian Great Horned Owls may ac-

tually obtain a higher energetic yield from rodents

than larger Great Horned Owls in North America

(Jaksic 1986). Because prey species such as C. haigi

concentrate in predictable places, the energetic ex-

penditure of small owls for hunting rodents may
be very low in comparison to that of solitary hares.

Higher capture rates of locally common medium-
sized rodent species have also been reported for

other Bubo species in European Mediterranean

ecosystems, even when the rabbit is abundant
(Donazar 1987).
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SELECTIVE PREDATION ON SCANSORIAL AND ARBOREAL
MAMMALS BY RUFOUS-LEGGED OWLS (STRIX RUFIPES) IN

SOUTHERN CHILEAN RAINFOREST

David R. Martinez
Laboratorio de Ecologla, Departamento de Ciencias Basicas, Universidad de Los Lagos,

Casilla 933, Osorno, Chile

Fabian M. Jaksic
Departamento de Ecologla, Pontificia Universidad Catolica de Chile, Casilla 114-D, Santiago, Chile

Abstract.—We estimated the annual mammalian diet of Rufous-legged Owls ( Strix rufipes) in three

temperate rainforest sites in southern Chile (Anticura, Rupanco and San Martin), and mammal abun-

dance at San Martin and Anticura. Diets were estimated by analysis of 894 pellets collected from 1988-

95. In all sites, arboreal (arboreal mouse, Irenomys tarsalis and colocolo opossum, Dromiciops australis)

and scansorial (long-tailed mouse, Oryzomys longicaudatus

)

mammals occurred significantly more fre-

quently than those mammals with cursorial habits, such as the olivaceous field mouse (Akodon olivaceus)

and long-haired field mouse (A. longipilis). Although the body size and abundance of the olivaceous

field mouse were similar to those of the long-tailed mouse, the former species was seldom taken by
Rufous-legged Owls, likely because it was associated with vegetational features that offer overhead pro-

tection.

Key Words: Strix rufipes; Rufous-legged Owl; prey selection; Patagonian Wood Owl; Chile, temperate forest.

Depradacion selectiva sobre mamiferos escansoriales y arboricolas por concones ( Strix rufipes) en la

pluviselva del sur de Chile

Resumen.—Estimamos la dieta anual del buho de bosque o concon ( Strix rufipes) en tres localidades de

pluviselva templada (Anticura, Rupanco y San Martin) y la relacionamos con la abundancia anual de

micromamiferos presentes en San Martin y Anticura. La dieta se determino mediante el analisis de 894
egagropilas colectadas entre 1988-95. En los tres sitios, los micromamiferos de habitos arboricolas ( Ir-

enomys tarsalis y Dromiciops australis) y escansoriales ( Oryzomys longicaudatus) fueron significativamente

mas depredados que los de habitos cursoriales tales como Akodon olivaceus y A. longipilis. A pesar que A.

olivaceus exhibio abundancia en terreno y tamano corporal similares a los de O. longicaudatus, casi no
fue depredado por los buhos. Esto puede atribuirse a su asociacion con variables vegetacionales que le

ofrecerian proteccion desde un piano vertical.

[Traduccion de autores]

The Rufous-legged Owl or Patagonian Wood
Owl ( Strix rufipes) is one of the least known noc-

turnal raptors of South America, inhabiting the

temperate rainforest region shared by Chile and

Argentina (Jaksic 1997). What information there is

about this species is either anecdotal (Housse

1945, Johnson 1967) or consists of brief accounts

on taxonomy and distribution (e.g., Humphrey et

al. 1970, Vuilleumier 1985, Jaksic and Feinsinger

1991).

From a conservation viewpoint, Glade (1988)

listed this species as inadequately known. While the

Rufous-legged Owl is relatively common it is con-

sidered to be declining in southern Chile because

of decreasing habitat brought about by logging

(Jaksic and Jimenez 1986). This was confirmed

when Martinez and Jaksic (1996) reported the first

quantitative information on the relative abundance

of Rufous-legged Owls in forest remnants of south-

ern Chile, and described forest stands used by

these owls.

The first quantitative report on the diet of the

Rufous-legged Owl was based on an analysis of 161

pellets (Martinez 1993). Although the study con-

cluded that Rufous-legged Owls are generalist feed-

ers, the most frequent vertebrate prey were arbo-

370
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real and scansorial small mammals. Cursorial spe-

cies, despite their similar or higher diversity (Mes-

erve and Jaksic 1991), were poorly represented.

Here, we report additional data on the diet of Ru-

fous-legged Owls that inhabit three rainforest

stands in southern Chile and test the assumed se-

lective predation noted by Martinez (1993).

Study Areas and Methods

We studied Rufous-legged Owls in three sites in the

Valdivian Rainforest region of southern Chile (sensu Veb-

len et al. 1983). The first site was the San Martin Exper-

imental Forest (39°38'S, 73°11'W; 20 m elevation) in the

coastal ranges near the city of Valdivia. This 150-ha site

was covered by a second-growth multistoried forest rem-
nant dominated by Aextoxicon punctatum and Podocarpus

saligna with substantial Gevuina avellana and some scat-

tered old individuals of emergent Nothofagus dombeyi. The
understory was sparse, and the soil was covered with a

thick layer of mosses and litter.

The second site was a 180-ha second-growth forest near

Lake Rupanco (40°45'S, 72°38'W; 150 m elevation) that

consisted of an almost pure stand of A. punctatum with

some Laurelia sempervirens, G. avellana and old N. dombeyi

trees.

The third site, Anticura (40°40'S, 72°10'W; 600 m el-

evation), was an extensive preAndean forest located in

Puyehue National Park, near the city of Osorno, It was a

multistoried old-growth stand with emergent trees (N.

dombeyi) 35-40 m in height; also present were L. phillipi-

ana, Eucryphia cordifolia and shade-tolerant trees such as

Weinmania trichosperma and A. punctatum. Shrubs were

scarce and the understory was comprised of saplings of

shade-tolerant trees, ferns, a few bromeliads and both

bamboo ( Chusquea spp.) and Ribes magellanicum clumps.

The ground was covered by mosses (Sphagnum sp.), and
in damp areas ferns reached tree-like sizes.

Owl pairs were resident in all three sites year-round

and their pellets were collected under roosting trees. In

San Martin, we collected 72 pellets from April 1988 (early

autumn)-February 1990 (late summer). In Rupanco, we
collected 347 pellets from February 1993-September
1995 (early spring) and, in Anticura, we collected 475

pellets from September 1994-October 1995 (spring). We
identified and quantified most vertebrates in the pellets

on the basis of skulls and dentary pairs, whichever gave

the highest count. For other remains, such as hair, we
used reference collections and quantified these prey as-

suming the smallest possible number of individuals (e.g.,

presence of hair of a given species was deemed as rep-

resenting only one individual) . We estimated the biomass

contribution of each prey type in the diet by multiplying

the number of individuals in the pellet by the mean body
mass of that prey item. We assumed that masses of un-

identified prey were similar to the average mass of the

most closely related identified taxa. We did not consider

nonmammalian prey items, because their contribution to

the biomass consumed was minimal in all sites (<10%).
In San Martin, small mammal abundance was evaluat-

ed from 1988-89 in a 12 X 12 grid of medium-sized Sher-

man live traps. Trapping stations were set 12 m apart and

equipped with one trap for a total of 144 traps covering

an area measuring 132 X 132 m (1.7 ha). Each census

lasted six consecutive nights every month for a full year

The mean annual abundance (recaptures were not con-

sidered) of each small mammal species trapped was used
to estimate the expected frequency of prey consumption
by Rufous-legged Owls (e.g., proportion of mammal spe-

cies i in the field with regard to the abundance of all

species trapped). The actual prey identified in the diet

constituted the observed frequency. For Anticura, we
used data reported by Rau et al. (1995), who assessed the

abundance of ground-dwelling small mammals with two
trap lines 2 m apart with 30 stations set at 12-m intervals

and equipped with one medium-sized Sherman trap per

station for a total of 60 traps in an area measuring 348
X 4 m (0.14 ha). Rau et al. (1995) simultaneously esti-

mated the abundance of tree-dwelling small mammals
with 60 hair-sampling tubes nailed to trees along the trap

lines. An empirical estimate of abundance was obtained

by pooling these data, given that the trapping effort was
the same for ground- and tree-dwelling small mammals.
A Chi-square test was performed to test the goodness-

of-fit of the frequency distributions of prey in the diet

and in the field (Zar 1984). Nonsignificant values were
interpreted as if Rufous-legged Owls used prey in pro-

portion to their field abundance, whereas significant de-

viations suggested that Rufous-legged Ow7ls “preferred”

or “avoided” some small mammal species, thus appear-

ing to select prey.

Because with the Chi-square test it is not possible to

determine which prey species was individually avoided or

preferred, we constructed confidence intervals for each
prey using the Bonferroni adjustment (Neu et al. 1974,

Byers et al. 1984):

Pi
- Za/2kVpi(l — Pi)/n < pi < pi + za/2k Vpi(l -p;)/n,

where p ;
is the proportion of consumption of prey spe-

cies i, k is the number of prey species, n is the total num-
ber of prey and za/2k is the upper standard normal variate

corresponding to a probability tail area of a/2k. The 2k
denominator under a is used because multiple confi-

dence intervals were computed simultaneously. If the

confidence interval included the expected proportion of

consumption (pio ) ,
then we did not reject the hypothesis

that prey species were preferred or avoided. If the ex-

pected proportion of consumption was not included in

the interval, we concluded that observed and expected
consumption differed significantly. Statistical significance

was set at P £ 0.05 for all tests unless otherwise stated.

Results

In the three sites, both by number and biomass,

the scansorial long-tailed mouse ( Oryzomys longicau-

datus) was the staple prey for Rufous-legged Owls

(Table 1). Although the biomass contribution

made by the arboreal mouse (Irenomys tarsalis) was

lower, it was consistently eaten at all sites. This was

also true of the scansorial black rat (Rattus rattus)

.

Only in San Martin was the consumption of the

arboreal colocolo opossum (Dromiciops australis)

important.
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Table 1. Vertebrate prey of Rufous-legged Owls ( Strix rufipes) in Anticura, Rupanco, and San Martin (Chile). Below
each prey species are denoted temporal (N = nocturnal, D = diurnal) and spatial (F = fossorial, C = cursorial, S
= scansorial, A = arboreal) activities, and mass3 in grams. B% is percent of prey by biomass and N is frequency of

prey by number.

Anticura Rupanco San Martin

Vertebrate Prey B% (AO B% (AO B% (AO

Akodon longipilis

(D-N; C; 41)

Akodon olivaceus

29.7 (155) 0.8 (2) 0.0 (0)

(N; C; 23)

Auliscomys micropus

0.8 (V) 1.7 (8) 1.4 (1)

(N; C; 58)

Geoxus valdivianus

1.6 (6) 1.1 (2) 3.4 (1)

(D-N; F; 25) 2.1 (18) 0.2 (1) 0.0 (0)

Irenomys tarsalis

(N; A; 42)

Oryzomys longicaudatus

10.0 (51) 6.8 (17) 5.0 (2)

(N; S; 26)

Phyllotis darwini

50.0 (411) 56.2 (228) 35.7 (23)

(N; C; 66)

Rattus rattus

0.0 (0) 1.2 (2) 0.0 (0)

(N; S; 40b ) 0.4 (2) 4.2 (11) 12.0 (5)

Unidentified rodentsc 5.3 (31) 25.5 (67) 11.2 (5)

Dromiciops australis

(N; A; 34)

Rhyncholestes raphanurus

0.0 (0) 2.3 (V) 30.4 (15)

(N; S; 29)

Unidentified bat

0.1 (1) 0.0 (0) 0.0 (0)

(A; 15) 0.0 (0) 0.0 (0) 0.9 (1)

Total prey items 682 345 53
Total biomass (g) 21 379 10 546 1677
Total pellets 475 347 72

a Masses for mammals were obtained from Martinez (1993) and references therein, and from D.R. Martinez (unpubl. data) for the

remaining taxa.

bJuveniles.

' Mean masses of unidentified prey for each locality: Anticura: 37 g; Rupanco: 40 g; San Martin: 38 g.

In general, the most frequent prey were arboreal

and/or scansorial small mammals. In Anticura,

they were 60% of the biomass, whereas in Rupanco
they reached 70% and >80% in San Martin. Only
in Anticura was the cursorial long-haired field

mouse (Akodon longipilis) heavily preyed upon. To-

gether, the remaining cursorial rodents, olivaceous

field mouse (A. olivaceus), austral greater mouse
{Auliscomys micropus), and Darwin’s leaf-eared

mouse (Phyllotis darwini), contributed <5% of the

biomass consumed in all sites.

In San Martin, 837 individuals belonging to five

species of small mammals were caught during

20 736 trap-nights, whereas in Anticura 59 individ-

uals of six species were caught during 358 trap-

nights and detected during 8095 tube-nights con-

ducted simultaneously (Table 2). While the traps

in San Martin captured five small-mammal species,

Rufous-legged Owls captured six species (Tables 1

and 2). In Anticura, six species were captured by

Rau et al. (1995), but Rufous-legged Owls caught

eight species (Tables 1 and 2).

At both sites, the frequency distributions of small

mammal species observed in Rufous-legged Owl
pellets (Table 1), compared to those estimated in

the field through trapping (expected values, Table

2), were significantly different. In San Martin, the

olivaceous field mouse was “avoided,” whereas the

long-tailed mouse and the pooled species (due to

restrictions of the Chi-square test) were “pre-
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Table 2. Proportion of captures (p^ calculated from

live trapping (recaptures not included) of small mam-
mals present in San Martin. Data for Anticura were ob-

tained from Rau et al. (1995).

Small Mammals
Anticura

(Pi)

San Martin

(Pi)

Akodon longipilis 0.571 0.120

Auliscomys micropus 0.000 0.007

Akodon olivaceus 0.368 0.461

Geoxus valdivianus 0.003 0.000

Irenomys tarsalis 0.000 0.007

Oryzomys longicaudatus 0.049 0.405

Dromiciops australis 0.003 0.000

Rhyncholestes raphanurus 0.006 0.000

Total individuals 59 837

Total trap-nights 8453 20 736

ferred” (Table 3). In Anticura, the long-tailed

mouse accounted for more than 80% of the Chi-

square value, suggesting that, as in San Martin, it

was the preferred prey species.

In Anticura, the expected proportions of use of

three prey species exceeded the Bonferroni confi-

dence intervals (Table 4) . The cursorial long-

haired and olivaceous field mice were consumed

less and the scansorial long-tailed mouse was con-

sumed more than expected. In San Martin, as in

Anticura, the olivaceous field mouse was consumed

less and the long-tailed mouse more than expected

(Table 4). Overall, arboreal and scansorial small

mammals constituted the core of the Rufous-

legged Owl diet, whereas cursorial small mammals,

despite their similar field abundance (Martinez

1993), were poorly represented in the diet.

Discussion

In all three sites, the frequency of the scansorial

long-tailed mouse in the diet of Rufous-legged

Owls was high. The low consumption of the cur-

sorial olivaceous field mouse was noteworthy be-

cause this species was numerically codominant with

the long-tailed mouse, at least in San Martin (Mu-

rua and Gonzalez 1986). Considering their similar

body masses (23 g for olivaceous field mouse and

26 g for the long-tailed mouse, this trait may not

explain avoidance or preference.

Alternatively, different escape tactics or detect-

ability of these two species may be involved. Murua
and Gonzalez (1982) attributed the different mi-

crohabitat selection of olivaceous field mice and

long-tailed mice to predation pressure. The former

species is associated with vegetational variables that

provide greater cover from above implying avoid-

ance of aerial predators. The latter species is as-

sociated with dense areas with understory that of-

fer protection from a horizontal viewing implying

avoidance of terrestrial predators.

In addition, different antipredatory behaviors

have been documented for those two rodents, as

well as for other rodent species consumed by Ru-

fous-legged Owls. Mann (1978) reported that, be-

cause of its long hind legs, the long-tailed mouse

Table 3. Absolute frequencies of observed and expected consumption of small mammals by Rufous-legged Owls in

Anticura and San Martin (Chile).

Small Mammals

Anticura San MartIn

Observed Expected Observed Expected

Akodon longipilis 155 372.0 1 21.6

Akodon olivaceus 7 239.0 0 5.6a

Auliscomys micropus 6 oo 1 0.3a

Geoxus valdivianus 18 2.0a — —
Irenomys tarsalis 51 o o 2 0.3a

Oryzomys longicaudatus 411 32.0 23 19.1

Rattus rattus 2 o oE- 5 oo

Dromiciops australis 0 2.0a 15 0.0a

Rhyncholestes raphanurus 1 4.0a — —
Pooled speciesa 78 8.0 23 6.2

Total pellets 475 72

Chi-square (df) 452.9 (3) P< 0.001 65.69 (2) P < 0.001

a Pooled because expected values were <5.0.
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Table 4. Bonferroni confidence intervals for the proportion of utilization of prey types, p i;
by Rufous-legged Owls

in Anticura and San Martin (Chile). An asterisk indicates a difference at the 0.05 level of significance. (+ ) eaten

more than expected by chance; (
—

) eaten less than expected by chance.

Small Mammals

Expected

Proportion

of Use (pio )

Observed

Proportion

of Use (pi)

Bonferroni’ s Intervals

FOR Pi

Anticura

Akodon longipilis 0.571 0.297 0.248 < p < 0.346 (-)*

Akodon olivaceus 0.368 0.008 0.007 < p2
< 0.009 (-)*

Oryzomys longicaudatus 0.049 0.500 0.447 < p3
< 0.553 (+ )*

San Martin

Akodon olivaceus 0.461 0.040 0.000 < p: < 0.127 (-)*

Auliscomys micropus 0.007 0.040 0.000 < p2
< 0.127

Oryzomys longicaudatus 0.405 0.850 0.690 < p3
< 1.000 (+ )*

Irenomys tarsalis 0.007 0.070 0.000 < p4
< 0.184

was able to escape predators byjumping away into

open fields and Glanz (1982) reported that it

climbs up shrubs as an escape response. In con-

trast, the short-legged rodents (Phyllotis spp. and

Akodon spp.), make only short quadrupedal runs

toward the nearest shelter (Mann 1978) or exhibit

“freezing” behavior when presented overhead rap-

tor silhouettes in laboratory experiments (Simo-

netti 1986).

The microhabitat type used by these rodent spe-

cies and their antipredatory behaviors, coupled

with the hunting mode of Rufous-legged Owls

could lead to differential predation pressures, re-

gardless of the local abundance of these prey. Ru-

fous-legged Owls are sit-and-wait predators closely

associated to old-growth stands (Martinez and Jak-

sic 1996). Hence, prey that venture on branches or

climb on trees, or move from one spot to another,

leaping on the ground, may be more easily detect-

ed by this owl than sympatric cursorial rodents that

commonly move along runways.

Similar habitat use and antipredatory behavior

could also explain the high incidence of long-

tailed mice in a dietary study of other owls inhab-

iting central Chile. As shown byjaksic et al. (1981),

both Barn Owls ( Tyto alba

)

and Great Horned Owls

(Bubo virginianus) consumed 70% more long-tailed

than olivaceous field mice, whereas the incidence

of long-tailed mouse in the diet of terrestrial pred-

ators such as foxes was consistently low (Iriarte et

al. 1989). Specifically for San Martin, Martinez et

al. (1993) reported that gray foxes (Pseudalopex gri-

seus)
preyed preferentially on olivaceous field mice

and long-tailed mice.

Other prey, such as the arboreal mouse, colocolo

opossum, bats, birds (Furnariidae) and insects

(cockroaches, tree crickets and beetles), are

strongly associated with temperate rainforests. By

eating these organisms found in the forest canopy,

Rufous-legged Owls may exploit resources not uti-

lized by other predators, thus reducing the poten-

tial for competition. Although other owl species in-

habit southern Chile, their smaller sizes or differ-

ent habitats may reduce food competition. Thus,

the Austral Pygmy Owl ( Glaucidium nanum) is a

smaller forest species that specializes on birds, and

its preferred hunting grounds are forest edges and

parklands. The sympatric Burrowing ( Speotyto cun-

icularia), Barn and Short-eared (Asio flammeus)

Owls nest and hunt mostly in open areas (D.R.

Martinez, unpubl. data).

Because scansorial and arboreal small mammals
are closely associated with forest landscapes, the

accelerated loss of southern Chilean temperate

rainforests is reducing the survival odds for both

Rufous-legged Owls and their prey. Even in the

best possible scenario where there is an increase

of suitable small mammals in cutover areas, the ste-

reotyped hunting mode, a reduction of roosting

and nesting sites and the increased presence of po-

tential competitors (open-field owls) may eventu-

ally lead to the extinction of this forest-adapted owl

species.
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Abstract.—We analyzed pellets of Mexican Spotted Owls ( Strix occidentals lucida) collected at roost and

nest sites in Chihuahua from 1992-94, and Aguascalientes, Mexico from 1994-95 to determine diet

composition. We identified 647 prey items from 13 owl territories in Chihuahua and four owl territories

in Aguascalientes. Vertebrates constituted 64% of all prey items and 99% of total prey biomass. Woodrats

(Neotoma spp.), mice (Peromyscus spp.) and cottontail rabbits (Sylvilagus floridanus) comprised 82% of

total prey biomass in Chihuahua and 89% of total prey biomass in Aguascalientes.

Key Words: Mexican spotted owl', Strix occidentalis lucida; diet. Chihuahua-, Aguascalientes; Mexico.

Dieta del Strix occidentalis lucida en Chihuahua y Aguascalientes, Mexico

Resumen.—Nosotros analisamos bolitas de Strix occidentalis lucida colectados en perchas y sitios de nido

en Chihuahua de 1992-94, y Aguascalientes, Mexico de 1994—95 para determinar la composicion de

dieta nosotros identificamos 647 articulos de presa en 13 territorios de buhos en Chihuahua y cuatro

territorios de buhos en Aguascalientes. Vertebrados componieron 64% de los articulos de presa y 99%
del total biomass de presa. (Neotoma spp.), (Peromyscus spp.) y ( Sylvilagus floridanus) compnieron 82%
del total de biomass de presa en Chihuahua y 895 del total biomass de presa en Aguascalientes.

[Traduccion de Raul De La Garza, Jr.]

Mexican Spotted Owls (Strix occidentalis lucida)

are considered habitat specialists (Ganey and Dick

1995, Seamans and Gutierrez 1995) that inhabit

mature mixed conifer and ponderosa pine (Pinus

ponderosa) forests (Ganey and Baida 1994) from

southern Colorado and Utah, south to the south-

ern end of the Mexican Plateau (Ward et al. 1995).

The Mexican Spotted Owl was listed as threatened

by the U.S. Fish and Wildlife Service in 1993 (U.S.

Department of Interior 1993) and the Mexican

government in 1994 (Anonymous 1994).

Mexican Spotted Owls are perch and pounce

predators of small- to medium-sized mammals (Gu-

tierrez et al. 1995). Ward and Block (1995) re-

1 Present address: U.S. Forest Service, PSW, Redwood
Sciences Lab, Areata, CA 95521 U.S.A.

2 Present address: Arizona State University, Tempe, AZ
85287 U.S.A.

viewed Mexican Spotted Owl diets and found that

diet varied by location, but mammals generally

comprise a greater percentage of the diet than do
birds, reptiles or arthropods. Within mammalian
species, woodrats (Neotoma spp.) and mice (Pero-

myscus spp.) are taken more commonly than other

species. Although Mexican Spotted Owls are op-

portunistic, the predominance of woodrats and
mice in diets suggests they may be more specialized

in their diet than was previously thought. The stud-

ies that Ward and Block (1995) reviewed were con-

ducted in the southwestern U.S., except for one

study in Chihuahua, Mexico (Tarango 1994). As

such, the diet of the Mexican Spotted Owl outside

the U.S. is largely unknown. Herein, we describe

their diet in southwestern Chihuahua and north-

western Aguascalientes, Mexico.

Study Area and Methods
Regurgitated pellets were collected opportunistically

from March-September at roost sites in the Sierra Fria
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in northwestern Aguascalientes during 1994-95, in the

Sierra Madre Occidental in southwestern Chihuahua in

1992-93 (Tarango 1994) and 1994 (Young 1996). Mexi-

can Spotted Owl habitat in Chihuahua consisted primar-

ily of pine/oak ( Quercus spp.) forests (71%), with Duran-

go pine (P. durangensis), Mexican white pine (P ayachui-

te) ,
and Arizona pine (P. arizonica) dominating. Pure pine

and mixed conifer represented 17% and 12%, respec-

tively, of spotted owl habitat in Chihuahua (Young 1996).

In Aguascalientes, occupied habitat was primarily pine/

oak forest. Dominant pine species were ocote ( P. hairier),

nut pine (P. cembroides) ,
Chihuahua pine (P. chihuahuana

)

and Michoacan pine (P. michoacana). Elevations of roost

sites ranged from 2200-2600 m in Chihuahua, and from
2450-2560 m in Aguascalientes.

Pellets were separated into bones, arthropod exoskel-

etons, and fur and feathers following procedures out-

lined in Marti (1987). Prey remains were identified to

the lowest taxon possible by comparing skulls, chitinous

material, beak sheaths, claws and feathers to keys (An-

derson 1972, Dunning 1993) and reference specimens at

New Mexico State University. We were unable to differ-

entiate the years of origin of pellets collected in Chihua-
hua during 1992-93, or in Aguascalientes during 1994—
95. Diet was expressed as relative frequency (number of

prey in each taxonomic category divided by the total

number of prey collected) and relative biomass (number
of individuals in each taxonomic group divided by aver-

age body mass for the taxon) . Average body masses were
estimated for mammals from Anderson (1972) and Ga-
ney (unpubl. rep.), for birds from Dunning (1993) and
for arthropods from Ganey (unpubl. rep.). A list of av-

erage body masses used in the analysis was recorded in

Young (1996). Due to small sample sizes, no statistical

analyses were conducted.

Results

We identified 674 prey items from Mexican Spot-

ted Owl pellets in Mexico. A total of 238 prey items

were identified from seven pairs and one single

male in 1992 and 1993 in Chihuahua, 347 prey

items were identified from 10 pairs and two single

males in 1994 in Chihuahua (Table 1) and 89 prey

items were identified from four pairs in 1994 and

1995 in Aguascalientes.

Pellets from Aguascalientes were collected from

the following spotted owl sites: Cueva Prieta, Los

Pillares, El Carrizal and Barranca Los Laureles.

Prey items represented 15 mammalian genera, five

avian families, one reptile genus and nine arthro-

pod families. Vertebrates constituted 64% of all

prey items and 99% of prey biomass. Woodrats (N.

albigula and N. mexicana), mice (Peromyscus spp.)

and cottontail rabbits ( Sylvilagus floridanus) com-

prised 51% of total prey and 82% of prey biomass

in Chihuahua, and 42% of total prey and 89% of

prey biomass in Aguascalientes (Table 2).

Woodrats comprised a larger proportion of prey

Table 1. Social status and number of prey items iden-

tified in diets at Mexican Spotted Owl sites in Chihuahua,

Mexico.

1992--93 1994

# OF # OF

Social Prey Social Prey

Site Status Items Status Items

Agua Fresca Pair 78 Pair 72

Arroyo Cuervo Pair 65 Pair 44

Arroyo Enmedio Pair 23 — 0

Arroyo Sonorecomchi — 0 Pair 9

Arroyo San Vicente Pair 13 Pair 0

Arroyo Hojasichi Male 21 Male 141

Arroyo Hondo Pair 8 Pair 10

Arroyo La Laguna — 0 Pair 5

Ghimoto Pair 7 Pair 44

El Yeposo Pair 23 Pair 3

Guacayvo — 0 Pair 10

Guaqueachi — 0 Male 1

Puerto Pino Hueco — 0 Pair 8

TOTAL 238 347

biomass in Aguascalientes (63%) than in Chihua-

hua (38 and 48%). Biomass of mice only differed

by 6% among years and locations. Peromyscid mice

comprised 95% of total mouse prey. Grasshopper

mice ( Onychomys torridus) were absent from diets in

Chihuahua in 1994, but were present in all other

locations and years, while harvest mice (Reithrodon-

tomys spp.) were present in diets in Chihuahua in

1992 and 1993 but were not found at other loca-

tions or during other years. Pocket gophers (Tho~

momys spp.) comprised 4-9% of total prey biomass

in Chihuahua, but were absent from owl diets in

Aguascalientes.

Relative biomass of birds in diets was greater in

Chihuahua (7 and 11%) than in Aguascalientes

(4%; Table 2). Bats (Eptesicus, Lasiurus, Myotis and

Pipistrellus spp.), diurnal sciurids ( Spermophilus and

Eutamias spp.), cotton rats (Sigmodon spp.), voles

(Microtus spp.) and shrews ( Sorex spp.) accounted

for <4% of the total prey and <3% of total prey

biomass in all locations and years. Four lizards (Sce-

loporus spp.) were identified in the owl’s diet in

Chihuahua in 1994, but they comprised <1% of

total biomass. Arthropods contributed 31-54% of

prey items in diets, yet they accounted for <2% of

total prey biomass in diets.
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Table 2. Relative percent frequency and percent biomass (g) of prey in diets of Mexican Spotted Owls in Chihuahua
and Aguascalientes, Mexico.

Chihuahua Chihuahua Aguascalientes

1992-93 1994 1994-95

Freq Biomass Freq Biomass Freq Biomass
Prey Group (.N = 238) (13160 g) (N = 347) (25 308 g) (N = 89) (3 493 g)

Woodrats 14.3 47.5 15.0 37.8 13.5 63.2

Neotoma spp. a 14.3 47.5 13.2 33.4 13.5 63.2

N. albigula — — 0.6 1.4 — —
N. mexicana — — 1.2 3.0 — —

Mice 34.8 15.6 28.8 10.4 27.0 15.0

Onychomys torridus 0.8 0.4 — — 4.5 3.0

Peromyscus spp.a 31.9 15.1 28.8 10.4 22.5 15.0

Reithrodontomys spp.a 2.1 0.1 — — — —
Rabbits Sylvilagus floridanus 1.7 11.9 7.2 38.5 1.1 11.2

Gophers 3.8 8.8 2.0 3.6 0.0 0.0

Thomomys spp.a 3.8 8.8 1.4 2.5 — —
T. umbrinus — — 0.6 1.1 — —

Bats 2.1 0.6 3.5 0.8 2.2 0.3

Eptesicus fuscus 0.4 0.1 — — —

-

—
Lasiurus borealis — — 0.3 <0.1 — —
L. dnereus 1.3 0.5 2.6 0.7 — —
Myotis spp.a — — — — 2.2 0.3

M. ludfugus — — 0.3 <0.1 — —
M. velifer — — 0.3 <0.1 — —
Pipistrellus hesperus 0.4 <0.1 — — — —

Sciurids 0.8 0.9 0.3 0.6 0.0 0.0

Spermophilus spilosoma — — 0.3 0.6 — —
Eutamias spp. a 0.8 0.9 — — — —

Cotton Rats Sigmodon spp.a 1.7 2.6 0.3 0.3 1.1 2.4

Voles Microtus mexicanus 1.3 0.5 0.3 0.1 0.0 0.0

Shrews Sorex vagrans 1.3 0.1 0.3 <0.1 0.0 0.0

Birds 7.1 10.8 6.3 7.1 1.1 3.6

Strigiformes 2.5 2.8 2.6 2.2 — —
Trogonidae 0.4 0.7 — — — —
Aphelocoma ultramarina 0.8 1.9 2.3 3.9 1.1 3.6

Cyanodtta stelleri 2.5 5.2 0.6 0.9 — —
Psaltriparus minimus 0.4 <0.1 0.9 <0.1 — —
Sayomis spp.a 0.4 0.1 — — — —

Reptiles Sceloporus spp. a 0.0 0.0 1.2 0.3 0.0 0.0

Arthropods 31.1 0.6 34.9 0.5 53.9 1.4

Arachnida — — 0.9 <0.1 — —
Cicadidae 0.8 <0.1 0.3 <0.1 1.1 <0.1

Formicidae — — 0.6 <0.1 — —
Lyctidae 2.9 0.1 6.9 0.1 2.2 <0.1
Mantidae 0.4 <0.1 — — — —
Orthoptera 0.8 <0.1 — — — —
Scarabaeidae 19.3 0.3 8.9 0.1 14.6 0.4

Tenebrionidae 5.0 0.1 15.9 0.2 30.4 0.8

Coleopterab 1.6 <0.1 0.6 <0.1 5.6 0.1

a Unknown species of given genera.
b Unknown beetle.
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Discussion

Woodrats and mice comprised 41-49% of prey

items and 48-78% of biomass of Mexican Spot-

ted Owls in Chihuahua and Aguascalientes, Mex-
ico. Similar high incidences of woodrats and
mice have been reported in the diets of other

subspecies of spotted owls (Forsman et al. 1984,

Barrows 1987, Verner et al. 1992), and for Mex-

ican Spotted Owls in the southwestern U.S. (Ga-

ney 1992, Ward and Block 1995). We found that

woodrats made up a larger percentage of bio-

mass of the Mexican Spotted Owl diet in Aguas-

calientes than in Chihuahua, but that gophers,

sciurids, voles and shrews were absent in the diet

in Aguascalientes. Proportions of cottontail rab-

bits differed among locations and years. Prey

density', geographic variation, sample size, sam-

pling duration or differences in habitat may have

influenced differences we observed.

Habitats used by woodrats and brush mice (P.

boylii) are dissimilar from those used by deer

mice (JR maniculatus)

.

Mexican woodrats, white-

throated woodrats and brush mice are common-
ly found near rocky outcrops within pine, pin-

yon-juniper (P edulis-Juniperus spp.), and oak

and mixed-conifer forests (Anderson 1972, Arm-
strong 1972, Hoffmeister 1986), where they use

areas with steep slopes, high shrub density, high

oak cover and high log volume (Ward and Block

1995). Conversely, deer mice use open sites on
gentle slopes, low shrub cover, low densities of

oak trees and high litter depth (Ward and Block

1995). Forests in Chihuahua are subjected to fre-

quent fires, intense firewood collection and live-

stock grazing that results in reduced woody de-

bris, few shrubs and sparse herbaceous ground
cover (Young 1996). Such habitat components
may favor deer mice, but not woodrats or brush

mice, thus, possibly decreasing the diversity of

prey base. Maintenance of a mosaic of vegetation

communities should be promoted.
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British Columbia.

Peale’s Peregrine Falcons (Falco peregrinus pealei) that

nest on Langara Island on the north Pacific coast of Brit-

ish Columbia, Canada, are known to prey nearly exclu-

sively on small seabirds, particularly Ancient Murrelets

(Synthliboramphus antiquus) and other small alcids (Beebe

1960, Nelson 1990). Beebe (1960) concluded that, in

spring and early summer, the falcons hunted murrelets

and auklets mainly at dusk and dawn when they flew ei-

ther to and from nesting colonies in island forests. He
observed one capture when a murrelet, out of a large

swimming flock, flew up just ahead of a falcon that ap-

proached at high speed low over the water. Nelson

(1970) reported that an adult male peregrine struck an

Ancient Murrelet on the ocean surface and retrieved it.

Peale’s Peregrine Falcons breeding on the Aleutian Is-

lands off Alaska also prey on alcids, but little is known
about their foraging behavior (White 1975, Sherrod

1988).

We visited Langara Island in 1995 and 1996 to make
observations on the hunting behavior of Peregrine Fal-

cons. This paper reports on 73 foraging flights that we
observed during this period.

Study Area and Methods

Langara Island is at the northwestern tip of the Queen
Charlotte Islands off the northern coast of British Colum-
bia, Canada. The island is about 10 X 6 km. It is heavily

forested with low hills and some cliffs along the rocky

shoreline. We made observations from 30 August-6 Sep-

tember 1995 and 7-22 August 1996. We spent a com-
bined total of about 200 hr watching peregrines from a

30 m high shoreline cliff. Primarily, we observed one ter-

ritorial pair that occupied a strategic point jutting out

into the ocean. The falcons were typically found perched
1 .3 km to the west on the bare branches of conifers that

protruded above the shoreline forest, or on a 4—6 m high

rocky islet just off shore. Another pair occupied a terri-

tory just to the east of our observation point but their

perches were blocked from view by trees so we could only

observe them when they flew by. We also observed several

first-yr immatures that had recently become indepen-

dent.

We made observations using 20X spotting scopes or

binoculars for as long as the falcons remained visible.

Perched falcons were watched continuously through the

spotting scope, often for periods of up to 4 hr until they

started to hunt. To the west and north, our observation

point allowed an unobstructed view across a wide bay and
open ocean. Usually hundreds of alcids dotted the water

and small flocks or single birds flew very low (<1 m) over

the surface. They included Cassin’s Auklet (Ptychoramphus

aleuticus), Ancient Murrelet and Marbled Murrelet

(Brachyramphus marmoratus). With mean weights of 170-

225 g, these alcids are favorite prey of the peregrines

(Beebe 1960, Nelson 1970).

A foraging flight consisted of one attack that a pere-

grine made at one target prey species. It concluded with

one or more capture attempts (Dekker 1980, Buchanan
1996).

Results

We observed a total of 73 foraging flights of which 16

(22%) were successful. During 13 of these foraging

flights, we briefly lost sight of the peregrine over the

ocean; eleven returned without prey to their perch. Two
returning peregrines were pursued by Bald Eagles (Hal-

iaeetus leucocephalus

)

,
so we assumed that they were car-

rying prey. Sixty foraging flights were observed from start

to finish.

Fifty-eight (80%) foraging flights started from perches.

The pair we concentrated our observations on usually

terminated flights within 1.5 km of shore. During windy

conditions, their flights started from the islet and they

stayed very low over the water as they darted between

waves. Some capture attempts were made just beyond a

large, partly submerged rock probably to conceal their

approach. When foraging flights started from high tree

perches, the falcons flew out about 75 m over the ocean

until they suddenly descended low over the water. At the

conclusion of these flights, peregrines pulled up abruptly

and headed back to land with or without prey.
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Fifteen foraging flights (20%) involved long distances

and reached altitudes of up to 100 m. In this case, cap-

ture attempts were initiated by steep or gradual descents

at high speed that terminated low over the water. In con-

trast to still-hunting attacks, peregrines making these

long-range flights did not immediately return to land af-

ter an unsuccessful capture attempt but disappeared

from view in the distance, probably continuing to hunt.

On six occasions, the peregrines soared either over

shoreline hills or water. On a warm morning (0730 H),

an adult male circled over the ocean for about 10 min
until flying down obliquely to pursue low flying alcids

that dived into the water. On another early morning, an

adult female tried to soar, but could not, then resumed

flapping flight and disappeared far out over the ocean.

Long-distance search flight, including soaring during

suitable weather, seemed more typical of immature per-

egrines that were often chased away from the shoreline

by territorial adults.

At least 39 foraging flights, of which 10 (26%) were

successful, were directed at swimming alcids. Sometimes,

alcids dived under the water at the last possible moment.

Subsequently, the attacking peregrine passed over the

spot and returned to shore. Alcids spread their wings to

dive, which results in a visible splash. During one of these

pursuits, an alcid was near the crest of a rising wave. It

dived to avoid capture but another alcid, in the trough

of the next wave and also directly in line with the falcon’s

low approach, was struck. On impact, the falcon dipped

slighdy lower, causing a splash, then it rose and turned

back to retrieve the prey from the water. In six out of

nine cases, falcons seized disabled alcids after a single

return pass. When they made multiple passes, it was dur-

ing calm conditions when they had more difficulty slow-

ing down to retrieve prey. In another case, the falcon

failed in three tries to capture its prey while the crippled

alcid dodged, thrashing about on the water. Finally, it was

captured by the first of three approaching adult Bald Ea-

gles. In one unsuccessful capture attempt, a peregrine

briefly hovered over the water, possibly waiting for the

reappearance of an injured alcid that dived below the

surface. In one instance, an adult male in a typical low

surprise flight, seized a small alcid direcdy from the sur-

face and carried it away.

At least 12 foraging flights, two (17%) of which were

successful, were directed at alcids flying <1 m above the

water. Ten of these flights originated from perches and

two from high cruising flight. To avoid approaching fal-

cons, flying alcids dived at once into the water. During

one successful attack by an adult female falcon, the alcid

was seized directly out of a small flock while the others

splashed down.

We observed nine attacks on small shorebirds such as

phalaropes (Phalaropus spp.) that passed through the

area on migration. Two of these attacks were successful.

Swimming phalaropes that flushed were briefly pursued.

One phalarope was captured, either on or just above the

water, by a peregrine darting low between choppy waves.

The other phalarope was taken by an adult male in a

typical still-hunting attack while it glided along the sur-

face.

Captures were made throughout the day, but most of-

ten between 0900-1200 H. Six falcons were observed with

prey between 0600-0900 H, 5 during 1200-1500 H, and

3 each during 1500-1800 and 1800-2100 H.

Discussion

Our study indicates that maritime peregrines make
contour-hugging flights over the ocean using waves to

conceal their approach until they come suddenly upon
surface-swimming water birds which are panicked into

diving (Cade 1982). Nevertheless, we saw nothing to sub-

stantiate the reports that maritime peregrines learn to

wait for diving birds to resurface and return to attack

again when the birds are exhausted for oxygen.

The hunting behaviors we observed differed from

those previously described (Sherrod 1988). Unlike pre-

vious reports, we saw peregrines capture low flying alcids

by seizing them directly. Capture of flying prey, either

over water or land, was typical of peregrines hunting

shorebirds and ducks in Alberta and British Columbia

(Dekker 1980, 1995). In Britain, coastal peregrines cap-

tured the vast majority of prey in midflight (Parker 1979,

Treleaven 1980).

In our study, we observed peregrines to use mainly sur-

prise attack to capture prey. They have also been ob-

served to use this hunting behavior in Scotland (Cres-

swell 1996) and in Alberta where shorebirds are often

retrieved from the water even if they are totally sub-

merged (Dekker 1988).

Perch hunting is the most common and successful

hunting method of the Peregrine Falcon worldwide

(Palmer 1988). It is observed routinely along the cliffs in

Britain (Treleaven 1980) and along tree-lined fields on

Vancouver Island (Dekker 1995). By contrast, in central

Alberta where high perches are scarce, migrating pere-

grines use high searching flight and soaring (Dekker

1988). In this study, long-range hunting flights over the

ocean were used especially by immature falcons that were

chased away from shore by territorial adults. In areas

away from occupied nesting cliffs, perch hunting might

well be the preferred method of immatures as well as

adults.

Our observed hunting success rate of 22% falls within

the range of values from other regions of the world

(Roalkvam 1985). The only data for peregrines hunting

over the ocean are from Britain, where peregrines prey

nearly exclusively on pigeons ( Golurnba spp.) with success

rates ranging from 16-52% (Parker 1979, Treleaven

1980). To our knowledge, this study is the first to give

success rates for Peregrine Falcons hunting seabirds over

the ocean. The crippling strikes of swimming alcids that

we report here have only been previously described by

Nelson (1970).
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The large number of attempts at kleptoparasitism by

Bald Eagles that we observed may explain why Langara

peregrines do not capture the locally common Pigeon

Guillemot ( Cepphus columba), which weighs about 450 g
and is twice as heavy as the smaller alcids. During 26 yr

of nest-site research on Langara Island, Wayne Nelson

(pers. comm.) did not find any guillemot prey remains

in peregrine nests. In contrast, legs and wings of the very

similar Black Guillemot
( Cepphus grylle) are numerous in

peregrine nests along the Arctic Ocean (Bradley and Oli-

phant 1991) where Bald Eagles are absent. Although arc-

tic peregrines are smaller, they are apparently quite ca-

pable of carrying guillemots. However, at Langara their

relatively large weight might increase the vulnerability of

peregrines to piracy by Bald Eagles.

Resumen.—Nosotros osbservamos Falco peregrinus pealei

en la isla de Queen Charlotte, British Columbia, Canada

haciendo 73 cazadas arriba del oceano. De estos, 16 fu-

eron exitoso (22%) y resultaron en presa capturada. El

mas comun conducta de foraje que observamos es cazan-

do imovil de una percha (80% de cazados observados).

Estos halcones tambien hacieron vuelos largos en busca

de presa que incluso planeadoro. Los dos, cazando imovil

y vuelos largos en busca de presa, terminaron cuando los

halcones asaltaron pajaros volando o nadando. La may-

oria (88%) de la presa pescada fueron alcids chicos.

Nueve fueron pescados en el superficie de el oceano y
cojidos en uno o dos pasos. Un alcid nadando fue agar-

rado y llevado; dos alcid volando fueron cogidos cerca

de la agua. Dos Phalaropus spp. fueron cogidos cerca de

la agua. Ocho halcones cargando presa fueron seguidos

por aguilas Haliaeetus leucocephalus, pero los aguilas re-

cojieron solo dos de la presa.

[Traduccion de Raul De La Garza, Jr.]
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Although American Kestrels (Falco sparverius) are not

known to breed on the Revillagigedo Islands in the Mex-

ican Pacific, they have been observed there in increasing

numbers in recent years (Wehtje et al. 1993). I had the

opportunity to observe a wintering population on Socor-

ro Island in December 1992. This note reports on its ter-

ritorial and foraging behavior as a contribution to the

limited literature on the ecology of nonbreeding Ameri-

can Kestrels in the Neotropics.

Socorro Island lies 460 km south of Baja California’s

Cabo San Lucas. The main study site on Socorro (area

= 140 km2
, highest elevation 1040 m above sea level)

consisted of a 300 X 100 m grassy field at an elevation

of about 450 m that was covered with grasses and weedy

forbs <0.5 m in height and surrounded by low trees.

Several snags (up to 2.5 m in height) of shrubby Psidium

trees were dispersed across the open field. Nearby, there

were eroded slopes, woodland patches and low scrub.

For 5 d, from the evening of 30 November to the

morning of 5 December 1992, I observed the main study

site and the area immediately around it for kestrels dur-

ing morning and predusk hours. I observed kestrels from

a distance of 40-80 m so as not to disturb them. I distin-

guished individual birds by their plumage and feather

condition and by recording kestrels that repeatedly used

and defended perch sites in hunting areas. Kestrels could

not be aged with certainty. Kestrels were also seen but

not monitored in other parts of the island. I did not no-

tice any kestrels that flew to and from the island.

I counted at least 14 different kestrels in the southeast

quarter of Socorro Island. Only two of them were males.

The kestrels that I monitored closely showed a high de-

gree of site fidelity. The six kestrels regularly monitored

near my campsite occupied the same area day after day.

One female kestrel that had its night roost in the dense

foliage of a small Bumelia tree about 8 m away appeared

to spend the entire observation time in the open, weedy

field foraging in an area approximately 3 ha in size. After

a few days of observations, I could accurately predict the

whereabouts of this kestrel. It left its roost each morning

before sunrise (0630-0645 H) and flew to one of the low

snags where it hunted. Its daily routine appeared to re-

quire a minimum of energy. It would hover occasionally,

then grab a small prey item from the ground and fly up

to a snag to eat it. It would stay for a few min on one

snag but would then fly to another, gradually covering

the entire 3 ha area. In the afternoon this female was less

active. It rarely foraged in the afternoon but typically

preened or soared above its territory and roost. From 1-

4 December, it roosted in dense evergreen foliage at

1753, 1752, 1735 and 1722 H. Once (2 December), it

roosted in the early afternoon from 1315-1720 H when
it began to rain.

I observed neighboring kestrels on all sides of this kes-

trel. These kestrels behaved similarly and spent very little

time in flight. Mostly, they perched on elevated vegeta-

tion from dawn to dusk and <10% of their time was

spent in flight and foraging. All of the kestrels appeared

to use their own foraging areas and I seldom observed

intraspecific agonistic interactions with the exception of

two birds which occasionally soared, dived and playfully

chased each other in the updraft of a precipitous slope.

I observed another kestrel on 6 December from 0900-

1400 H within the residential Mexican Navy compound
at the southern tip of the island. It perched on metal

antennas, lampposts and treetops during multiple for-

aging and resting periods. This bird hunted an area

about 6-8 ha in size that consisted mostly of grass-cov-

ered, park-like habitat between buildings. It behaved sim-

ilarly spending little time in flight.

The kestrels were obviously territorial toward other

species. They aggressively defended their perches against

resident Red-tailed Hawks (Buteo jamaicensis socorroensis)

and passing Sharp-shinned Hawks (Accipiter striatus)

.

Although there were numerous small songbirds and

house mice (Mus musculus) within the kestrel territories

and the surrounding areas, I never observed a kestrel

taking a bird or mammal. On several occasions, however,

they captured and ate arthropod prey. The most com-

mon items were crickets, small grasshoppers, and large

locusts which were abundant all over the island. Kestrels

usually spotted arthropods on the ground from perches

or from a low hovering position and pounced on them.

No pellets were found (possibly because of the presence

of large scavenging land crabs, Gecardnus planatus) but I

found dismembered legs of large grasshoppers or locusts

at some of the perches. The apparent insectivorous diet

of this population is not unexpected since breeding pop-

ulations and juveniles have also been reported to be in-

sectivorous (Balgooyen 1976, Varland et al. 1993).

Socorro Island’s tropical latitude makes it a likely mi-



December 1997 Short Communications 385

gration and wintering location for American Kestrels,

particularly for female and juvenile birds (del Hoyo et al.

1994). The sizes of the two winter territories I observed

(3 and 6-8 ha) were small compared to those observed

in the northern U.S. (Craighead & Craighead 1969, En-

derson 1960, Mills 1975). In California, Cade (1955) ob-

served similarly small winter territories (e.g., a vacant lot

100 X 130 m in size). It may be that Mediterranean-type

and tropical winter habitats with their mild or warm cli-

mates offer higher densities of prey biomass for wintering

kestrels than do habitats in temperate and boreal cli-

mates.

Resumen.—Y observe lo minimo de 14 diferente Falco

sparverius en la isla de Socorro en el pacifico de Mexico

en 1992. Los Falco sparverius parecieron ocupar y defend-

er territorios de presa en areas herbosas en la isla donde

primeramente cazaban grillos, saltamontes y langostas.

Estos territorios de cazar varian en tamano de 3-8 ha y
estaban notable mas pequenos que eso antes descubridos

para Falco sparverius.

[Traduccion de Raul De La Garza, Jr.]
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The Spectacled Owl {Pulsatrix perspicillata) is the largest

owl in humid tropical forests of the New World, averaging

750 g in mass (Stiles and Skutch 1989). Based on its size,

it is likely that it preys on the largest potential prey spe-

cies in tropical forests (Emerson et al. 1994) and it is

known take mammals up to the size of agoutis {Dasyprocta

spp.), skunks (Mephitinae) and opossums (Didelphi-

dae) . It also preys on birds as large as oropendolas {Psar-
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Table 1. Prey remains identified in 19 pellets of the

Spectacled Owl (Pulsatrix perspidllata) in northern Oa-

xaca, Mexico. Numbers represent conservative estimates

of the number of individuals contained in the sample.

Taxon

No. OF

Individuals

in Sample

Mammals:

Tylomys nudicaudus 20

Marmosa sp. 4

Small rodent 2

Unidentified 4

Chiroptera 1

Birds:

Momotus momota 1

Leptotila sp. 1

Unidentified 2

Arthropods:

Melanototus globosus (Tettigonidae, Pseu-

dophyllinae) 3

Ericlus spiniger (Tettigonidae, Copiphor-

inae) 1

Golofa sp. (Scarabaeidae, Melolonthi-

dae) 1

Cetinis subviolaceus (Scarabaeidae, Cetin-

inae) 1

Unidentified, scarabaeid 1

Tenebrionidae 2

Small crustacean 2

ocolius spp.) and jays (Corvidae), and large insects, lizards

and freshwater crustaceans (Alvarez del Toro 1980, Stiles

and Skutch 1989, Sick 1993).

While conducting fieldwork during the rainy season in

1994 near Cerro de Oro, Oaxaca (18°02'N, 96°15'W), we
found an owl roost where we observed an adult Specta-

cled Owl for several days. We collected 19 fresh pellets

from beneath the roost site from 19 July-24 September.

Here, we report the contents of these pellets (Table 1),

because few quantitative data have been published on the

diet of this species. Cerro de Oro is very close to the

northern limit of the Spectacled Owl’s range (Howell

and Webb 1995) and this region has fewer potential prey

species than at other sites where the diet has been stud-

ied.

Our sample was somewhat biased since it was likely that

not all prey consumed by the owl was regurgitated, and

not every item that was regurgitated was identified. Also,

some types of prey were more likely to be found in pellets

than others. For example, numerous mandibles and oth-

er parts of rodents and opossums were found in pellets

but the only evidence of a bat was a phalanx and a single

tooth in separate pellets found on the same day. Similarly,

the only evidence of birds was feathers in one pellet and

isolated bone fragments in others. Arthropods were rep-

resented by varied, usually small fragments of mandibles,

elyter fragments, cephalic ornaments and valves of fe-

male tettigonids. No arthropod remains were found in

the last seven pellets we collected but they were found in

the 12 previously collected pellets. Because of this, we
feel certain that prey other than rodents and opossums

were underrepresented in our sample.

Our most noteworthy finding was that at least 20 and

maybe as many as 24 prey items (75-80% of the individ-

uals) belonged to one species of rodent, the naked-tailed

climbing rat ( Tylomys nudicaudus). Nine rodent and two

opossum species were found during preliminary surveys

of the area (Chavez Tapia et al. 1993). They ranged in

mass from 17-4000 g but 63.6% of them weighed <200

g. The naked-tailed climbing rat is semiarboreal and is

the largest nocturnal rodent in the area. Its mean adult

mass ranges from 156-326 g (Emmons 1990).

Owls usually swallow their prey whole and therefore

rarely consume prey larger than themselves (Bowles

1916; Marti 1974). The naked-tailed climbing rat was the

largest nocturnal mammal found in the area that is small-

er than the Spectacled Owl itself. Crustacean remains in

pellets suggested that the owl wandered at least as far as

the nearest permanent stream approximately 700 m away

to forage, and bat remains suggested foraging also oc-

curred at the mouth of a cave that was located about 750

m from the roost. Owls preying on bats usually do so at

dusk when the bats leave caves in large numbers (Twente

1954, Baker 1962). The owl roost was only 400 m from

the edge of a large man-made clearing that was largely

abandoned and overgrown with tall grasses and reeds. It

is interesting that the pellets did not contain remains of

small mammals typical of clearings such as the abundant

cotton rat
( Sigmodon hispidus), which apparently breeds

year round in the study area (Chavez Tapia et al. 1993).

In Costa Rica, the Spectacled Owl has been found to

hunt at forest edges and clearings (Stiles and Skutch

1989). It would be inefficient for a large owl, such as the

Spectacled Owl, to capture small prey unless they could

be caught very easily and quickly (Marti 1974) since small

prey would make food available at a slower rate relative

to the time and energy expended capturing them

(Brown et al. 1993).

Naked-tailed climbing rats could also be the preferred

prey elsewhere in the species’ range. Adults of naked-

tailed climbing-rats are probably too large for other rain-

forest owls to capture. If this is true, it suggests that co-

existence of Spectacled Owls with several owl species may
be facilitated by their concentration on prey species un-

available to other owls (Wilson 1975).

Resumen.—Se estudia la dieta del Buho Gorjiblanco Pul-

satrix perspidllata mediante la identification de los restos

de sus presas contenidos en egragopilas que recogimos

in Cerro de Oro, Oaxaca, durante la epoca de Uuvias. La
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presa mas frecuente que se identified en las egagropilas

es Tylomys nudicaudus, una rata grande semiarborea.

Otras presas incluyen insectos de diferentes tamanos,

mamiferos medianos y pequenos (incluyendo un murcie-

lago)
,
aves medianas y probablemente crustaceos. La pre-

sa principal probablemente es demasiado grande para

que se alimenten de ella los otros buhos que se encuen-

tran en la mayor parte del area de distribution del Buho
Gorjiblanco.
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Fish-owls are often regarded as the nocturnal counter-

1 Present address: Department of Forest Resource

Management and Technology, National Pingtung Poly-

technic Institute, Pingtung, Taiwan 902.

parts of Ospreys (Pandion haliaetus), fish-eagles (Ichthy

-

ophaga spp.) and sea-eagles ( Haliaeetus spp.). There are

four species in the Asian genus Ketupa and three species

in the African genus Scotopelia (Fogden 1973). Of the

Asian species, we know the least about the Tawny Fish-

Owl (Ketupa flavipes). Kou (1986) reported one instance

of mating on Taiwan and Voous (1988) described nest

locations and clutch sizes in India. Herein, we document
the diet of a pair of Tawny Fish-Owls and attempt to dem-
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onstrate how availability of amphibian prey species affects

the composition of the diet on Taiwan.

Study Area and Methods

We conducted our study fromJanuary-December 1994

at Sakatang Stream on the eastern side of Taiwan, 90 km
south of Taipei. The area consists of a gorge with bluffs

and hills ranging up to 2400 m elevation, with tropical

rainforest vegetation dominated by Ficus and Lauraceae

along streams (Taiwan Forestry Bureau 1995). A few ab-

original villages are scattered throughout the area (Hsu

1984).

We monitored breeding behavior at the nest from 23

March-15 May 1994. To evaluate selection of prey, we
identified the numbers and types of prey that the pair of

Tawny Fish-Owls brought to their nest. The nest was mon-
itored using three automatic cameras at the nest and a

blind 20 m away. We kept separate observations on prey

delivered by each of the adults because we could easily

distinguish the male by the white patch on the top of its

head. Observations on the female ended on 8 May when
she was trapped and instrumented with a radiotransmit-

ter. Observations on the male ended on 15 May when it

was killed by an indigenous hunter. Subsequently, we
took the owlet to an aviary on the Taiwan Normal Uni-

versity campus in Taipei.

To evaluate selection of amphibian prey, we used the

percent of the total of each prey species that was brought

to the nest as an index of prey use. We used the numbers
of individuals of each prey species seen per hr within 3

m of either side of 5 transects measuring a total of 1 km
as an index of prey availability. We calculated indices for

each stream habitat type along Sakatang Stream using

over five nights from 16 April-10 May 1994. Counts along

transects were usually finished within 1 hr, but were al-

ways completed within 3 hr after dark on nights with little

or no rain (<5 mm).
To estimate the overall abundance of a given amphib-

ian along Sakatang Stream, we multiplied the prey avail-

ability index for each habitat type by the percent of the

total stream habitat that it comprised. Percentages of

each habitat type were calculated using 5-km stream sec-

tions and establishing imaginary perpendicular lines

across the stream every 10 m. Along each line, we re-

corded habitat type directly under the transect at 1 m
intervals. The percent total of the points in each habitat

type was calculated as the ratio of area of each habitat

type for the 5-km stream section. Stream habitat types

included: (1) low-gradient riffle, current <0,5 m/sec,

with rocks above water surface <5 m apart; (2) high-gra-

dient riffle, current >0.5 m/sec, with rocks above water

surface <5 m apart; (3) run, current >0.5 m/sec, with

rocks above water surface >5 m apart; and (4) pool, cur-

rent <0,5 m/sec, water >30 cm in depth, with rocks

above water surface >5 m apart.

We used a Chi-square Contingency Table (Neu et al.

1974, Conover 1980) to test for associations between food

delivery rates, sex of the adult owl and age of the nestling

to determine prey selection. Data were managed and an-

alyzed with the Statistical Analysis System (SAS Institute

1989).

Results and Discussion

We flushed a Tawny Fish-Owl from the Sakatang

Stream bed while searching for owl pellets in January

1994. On 7 March, a fish-owl, later identified as the male,

flew into a riparian forest near where we found an oc-

cupied nest on 23 March. The nest was on top of an

epiphytic bird’s nest fern (Pseudarynaria coronans) on a

big large-leafed Nanmu tree (Machilus kusanoi), about 80

cm in dbh and about 70 m from the stream. Indigenous

hunters indicated that they had previously seen two other

owl nests in these ferns. Gerhardt et al. (1994) reported

that the neotropical Black-and-white Owl ( Strix nigrolinea-

ta) would nest in the epiphytic orchid Trigonidium eger-

tonianum, in large, live trees. The bird’s nest fern also

occurs in southern China, Burma, Nepal and Malaya

within the distribution of other Asian fish-owls (except

for Blakiston’s Fish-Owl, Ketupa blakistom). Nevertheless,

these species do not use bird’s nest fern but instead nest

in tree cavities, holes in river banks, caves on cliffs, forks

of trees and abandoned nests of fish-eagles (Fogden

1973, Voous 1988).

The nest was 10 m above ground and contained one

white egg in a shallow unlined depression. To reduce

disturbance, we did not visit the nest again until 14 April

when we found a 2-3-wk-old downy owlet in the nest. It

weighed 650 g, or about 24-32% of an adult fish-owl’s

weight (2050-2650 g). Subsequent observations indicat-

ed that the female brooded the young for several hours

at a time during daylight hours. Brooding stopped on 20

April.

The adults often duetted in the vicinity' of the nest 0.5-

1 hr prior to onset of foraging. Most duets began prior

to sunset and lasted 23-70 min, but duets were also some-

times heard during the hr before sunrise. The female

gave a mewing “hew” and the male a deep “wlio-hoo”

call. The nestling’s begging calls, “whe,” resembled that

of the female’s mewing, but at a lower pitch, and were

given at night in response to the calling parents.

Food deliveries to the nest occurred exclusively at

night. Here, too, deliveries coincided with sunrise and

sunset, occurring more frequently 1 hr after dark and

before daybreak. Southern owl populations usually show

this bimodal feeding periodicity in contrast to the uni-

modal pattern of their northern conspecifics (Mikkola

1983). Gehlbach (1994) suggested that in cold regions

with shorter nights and lower prey densities owls will for-

age intensively at night and are forced to hunt by day.

Based on 80 photographs made of the adults deliver-

ing prey to the nest (Table 1), each parent’s contribution

to the total food supplied to the nest did not change

during the nesting season (x
2 = 3.70, df = 2, P = 0.16).

Nevertheless, there was a tendency for the female to de-

liver more food items during the postbrooding stage,

whereas the male provided all of the food when the

young owl was only 1-wk old.

Amphibians, followed by fish, comprised the bulk
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Table 1. Number (percent) of feeding trips made by a

nesting female and male Tawny Fish-Owl from April-May

1994.

Nestling Stage Female Male

Brooding (14-20 d)

Early postbrooding (21-28 d)

Late postbreeding (29-35 d)

6 (40.0)

14 (58.3)

28 (68.3)

9 (60.0)

10 (41.7)

13 (31.7)

(>75%) of the prey deliveries (Table 2). Of the amphib-

ians, 11 toads {Bufo bufo gargarizans) were delivered more
frequently than expected based on their estimated avail-

ability (96 toads/km, Bonferroni, P < 0.05) . We estimat-

ed that there were 291 brown tree (Buergeria robusta) and

tip-nosed frogs (Rana naria swinhosana

)

available along

our 1 km transects, but only 16 were observed to be de-

livered to the nest. As the nestling grew, the adults in-

creased the frequency of their food deliveries, nearly

doubling their deliveries during the postbrooding period

(X
2 = 10.6, df = 2, P = 0.005). Thereafter, deliveries

declined. In addition, the proportion of larger prey items

such as toads increased in the late postbrooding period.

Other than an amphibian leg bone or passerine feath-

er, we rarely found prey remains or pellets in the nest.

However, two female toads were left in the nest twice in

late April, indicating that the owlet was sensitive to their

toxic glands.

Resumen.—Nosotros observamos un nido de le Ketupa

jlavipes para documentar su conducta de cria y sus cos-

tumbres de comer durante el tiempo de cria. Un huevo

singular fue ponido en el nido. La hembra aparente-

mente hizo toda la incubacion. El par canto mas antes la

puesta del sol y a la salida del sol y cantando coincidio

con actividad de forraje. Un total de 80 entregas de presa

fueron fotograficados en el nido. El macho entrego mas
presa cuando empezo el tiempo de poner, pero la hem-

bra entrego presa durante el ultimo parte del tiempo de

poner. La presa consistio de Bufo bufo gargarizans que

aparentemente no fueron tornados en su proporcion de

disponibilidad. La frecuencia y el tamano de la presa en-

tregada para el nido aumento durante el tiempo de pon-

er.

[Traduccion de Raul De La Garza, Jr,]
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Between-brood Cannibalism in the Montagu’s Harrier

Cannibalism has been reported in several raptors. In most cases, it is associated with brood reduction, either

following the natural death of a nestling (Lyons and Mosher 1982, Ardea 70:217-219; Holthuijzen et al. 1987,/. Raptor

Res. 21:32-33; Burton 1993, Aust. Bird Watcher 15:45), or when siblings or parents have actually killed the youngest

or weakest nestling in the brood in periods of food shortage (Newton 1978, J. Zool. London 184:465—487; Pilz and

Seibert 1978, Auk 95:584-585; Baker-Gabb 1982, Corella 6:83-86; Bechard 1983, Wilson Bull. 95:233-242; Bortolotti et

al. 1991, Can. j. Zool. 69:1447-1453). Between-brood cannibalism, in contrast, has only been recorded in Black Kites

(Milvus migransr, Jones and Manez 1991,/ Raptor Res. 24:28-29) and Lesser Kestrels (Falco naumannr, Negro et al.

1992, / Raptor Res. 26:225-228).

Feathers and eggs of Montagu’s Harriers (Circus pygargus) have occasionally been found during diet studies (Hiraldo

et al. 1975, Dohana Acta VerUbrata. 2:25-55). We recorded several such findings of within-brood cannibalism during

a study near Madrid, Spain where we have monitored a population of about 45 pairs of Montagu’s Harriers in a 200

km2 area since 1991. In one case, a foot believed to have belonged to a wk-old harrier was found in a pellet and, in

a second case, a freshly dead uneaten nestling and a foot and two wings of three different nestlings, all of them of

about two wk of age, were found at plucking perches of four nesting pairs. Plucked feathers of nestlings about 12—

15-d-old were found at six other nests. All these observations occurred at nests where brood reduction occurred and

the estimated ages of the eaten harriers matched those of the missing nesdings. Thus, we assume that the nestlings

had been eaten by their siblings or parents.

Brochet and Gizart (1995, Alauda 63:122) observed a case of apparent between-brood cannibalism in Montagu’s

Harrier when a freshly dead 2-d-old nestling was found in a nest after an aerial food pass from a male to its mate.

The nest, visited shortly before the food pass, had contained only a <5-d-old nestling and an egg that was hatching.

One egg or nestling was missing since the original clutch size had been three. Thus, the age of the putative prey

fitted with that of the missing nestling, as eggs of Montagu’s Harriers usually hatch at 1- or 2-d intervals. Additionally,

Brochet and Gizart indicated that the nest was a late one and that no other occupied nests were found within 5 km
of the nest. Therefore, their observation could be interpreted as a case of within-brood cannibalism. The female may
have removed the nestling after it died and cached it in the plucking site as has been observed in other nests in

Madrid. The male may therefore have taken the dead nestling from the cache.

Here, we present two observations which took place in our study area near Madrid, confirming between-brood

cannibalism in Montagu’s Harriers. The first observation took place in 1995 at a nest which was located in the

biggest colony that year which contained 15 breeding pairs. On 17 June, the nest contained three nestlings aged

9, 10 and lid. The agricultural field where the nest was located was harvested on 20 June, but the three nestlings

survived. On 21 June, we observed the female feeding the young the remains of a well-feathered Montagu’s Harrier

nestling. That nestling had been plucked some 30 m away, where we found other remains including both tarsi.

On 22 June, only the two older nestlings were found. The smallest of them had a harrier tarsus in its beak that

belonged to a nestling estimated to be at least 20-d-old. On 23 June, we banded the only remaining nestling and,

on 25 June, its remains were found after it had been killed by a feral dog. The stomach of this nestling contained

remains of three grasshoppers and a Montagu’s Harrier foot belonging to a chick approximately 12-15-d-old. We
could not be certain where the eaten nestlings originated but the foot in the stomach of the dead nestling could

have belonged to one of its siblings judging from its size. It was obvious, however, that the two other dead nestlings

found on 21 and 22 June came from another brood. They could not have come from the nearest nest, where the

two nestlings died when the field was harvested. We knew of no other nestlings of the same ages that were missing

from nearby nests, so the eaten nestlings presumably came from an uncontrolled nest.

The second observation took place in 1996, at a colony of 13 harrier nests that we observed. Remains of a 20-d-

old nesding were found at a nest on 7 July when harvesting had begun in the agricultural fields. No partial mortality

occurred at the nest, which contained three eggs at incubation and which fledged three young. As in the previous

observation, it is not known where the dead nestling came from, as no nestlings of that age were missing from any

known nests in the area. It is unclear whether the harriers actually killed the nesdings, ate them as carrion, or took

them opportunistically when the young nesdings were found injured following harvesting. It is worth noting that,
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among raptors, the three species for which between-brood cannibalism has been recorded (Black Kites, Lesser Kestrels

and Montagu’s Harrier) are colonial or semicolonial. Between-brood cannibalism might therefore be a cost of nest

clumping.

We are grateful to J. King for correcting the text, and to Gary Bortolotti and two anonymous referees for improving

the manuscript.
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Scrap-lumber Roost Used by Burrowing Owls (Speotyto cunicularia

)

Burrowing Owls ( Speotyto cunicularia) typically use mammal burrows for nesting and roosting. After nesting, they

disperse to new areas where suitable roost burrows are available (Haug et al. 1993, Birds of North America, No. 61,

A. Poole and F. Gill, [Eds.], The American Ornithologists’ Union, Philadelphia, PA U.S.A.). The apparent purpose

of burrows is for protection from predators and the weather.

As part of a concurrent study of postfledging dispersal in Alberta, Canada, Burrowing Owls were fitted with radio-

transmitters south of Regina, Saskatchewan, Canada (50°27'N, 104°37'E). On 20 August 1996, one adult female and
two juveniles dispersed from their nest burrow to a new location approximately 800 m to the north. Dispersal of this

distance involving the whole family is not uncommon (Haug et al. 1993). The instrumented female was tracked to

a field, where she flushed from a haphazard pile of scrap lumber roughly circular in shape (about 1.5 m high X 8

m wide) . Adjacent to the lumber pile there were several abandoned cars and trucks. The surrounding habitat included

a 1 ha hayfield, 4 ha summer fallow field and 64 ha patch of native pasture where the nest burrow had been located.

On five occasions owls were flushed from the interior of the lumber pile and pellets and feces were also found

inside. Once flushed, the owls typically flew less than 50 m to nearby fence posts, some of the cars or they landed

on the ground. A search of the area indicated there were no other burrows within 150 m and there were neither

feces nor pellets within 300 m of the woodpile. All three owls remained at the lumber pile until 20 September.

Despite the fact that Burrowing Owls nest close to people (Thompsen 1971, Condor 73:177-192), to my knowledge

this is the first record in the Great Plains or Intermountain region of Burrowing Owls using an above-ground, man-
made roost. These observations suggest that Burrowing Owls are more flexible in their choice of roosting cavities

than has been previously thought.

This study was supported by TransCanada Pipelines Ltd., Interprovincial Pipelines Ltd., Foothills Pipelines Ltd.

and TransGas Ltd., in cooperation with Saskatchewan Environment and Resource Management, the University of

Saskatchewan and Nature Saskatchewan. Thanks to Josef K. Schmutz and Dale A. Smith who reviewed an earlier

version of this manuscript, and three reviewers who had many helpful suggestions.

—

Douglas A. Grier, Wild Bird

Clinic, Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada NIG 2W1.
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Flight-feather Molt Patterns and Age in North

American Owls. By Peter Pyle. 1997. American

Birding Association, Monographs in Field Ornithology,

No. 2. 32 pp., 14 figures, 2 tables. ISBN 1-878788-

36-1. Paper, $9.95.—Relative to the situation in Eu-

rope, molt patterns in North American owls are

poorly understood. Because the pattern of replace-

ment of the remiges is important in age determi-

nation, an understanding of molt is crucial for

workers who study owls in the hand. Here, Pyle

presents the first in-depth treatment of molt in

North American owls based on his examination of

2429 specimens of the 19 species that breed in the

United States and Canada. Sample sizes range

from 23 individuals for Boreal Owl (Aegolius funer-

eus) to 285 for Great Horned Owl (Bubo virgini-

anus)

.

Nine species showed evidence of incomplete pri-

mary and secondary molt in adults, and four spe-

cies exhibited evidence of incomplete secondary

molt only. The species that appeared to have a

complete molt of the remiges each year are East-

ern ( Otus asio)
,
Western ( 0. kennicottii) and Whis-

kered (0. trichopsis) Screech-owl; Northern ( Glau

-

cidium gnoma) and Ferruginous (G. brasilianum

)

pygmy-owl; Elf Owl (
Micrathene whitneyi); and Bur-

rowing Owl ( Speotyto cunicularia)

.

A single Western

Screech-owl (of more than 200 adults examined)

had undergone incomplete secondary molt, ac-

counting for the fact that the above lists add to 20

rather than 19 species. For the species that have a

complete annual molt, clues to aging are based on
differences in feather wear, shape of the outer pri-

maries and markings on the primary coverts and

rectrices.

Normally, the ultimate measure by which a

monograph of this type should be evaluated is how
well it enables one to correctly determine the age

of the species in question. However, our knowledge

of age determination in North American owls is so

incomplete that I do not think such an evaluation

is possible. Pyle is quick to point out that: (1) his

inferences were drawn from owls of unknown age

(i.e., the birds had not been banded as nesdings);

(2) the ability of someone to correcdy use the keys

depends on experience; and (3) for many species,

overlap in various characters makes precise age de-

termination impossible. Indeed, he states that “Re-

sponsible ageing always includes the willingness to

place a bird in a less-precise age group should any

uncertainty exist.” I agree with this statement, and

I suspect that Pyle’s monograph will go a long way

toward stimulating additional work on aging owls

using the techniques he describes.

—

Jeff Marks,

Montana Cooperative Wildlife Research Unit, Uni-

versity of Montana, Missoula, MT 59812 U.S.A.
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Some Time with Eagles and Falcons. By Jerry

Olsen. 1995. Hancock House Publishers, Blaine,

WA. viii + 160 pp., 6 figures, 4 tables, 29 color

photographs. ISBN 0-88839-375-X. Paper, $24.95.—

This relatively short book provides an overview of

Jerry Olsen’s experiences as a raptor biologist and

conservationist. Written in a first person biograph-

ical format, the book presents a series of anecdotal

remembrances of places visited, hawks seen and

projects conducted. Reading this book, I felt as if

I was swapping stories after a long day in the field,

some about birds and people I knew, and some I

didn’t know. Because Olsen has spent most of his

career in Australia, the majority of the book deals

with that country and its raptors. As an American,

I found the stories of White-tailed Sea-Eagles (Hal-

iaeetus albidlla), Wedge-tailed Eagles (Aquila audax)

and Black Falcons (Falco subniger), to mention just

a few, exotic and interesting.
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Although the book is not scientific, some chap-

ters deal with research projects involving Peregrine

Falcons (Falco peregrinus) and eagles. The infor-

mation is presented in the text and in a few tables.

Unfortunately, the tables are one of the weaker

parts of the book. Tabular data typically are pre-

sented with no sample sizes or explanations. Thus,

the appearance of science is given, but without the

rigor that allows others to interpret the data. Be-

cause this book clearly is not meant to be a scien-

tific review, the tables are unnecessary, and, to me,

distracting. The book ends with an appendix enti-

tled “Handbook for rehabilitating orphaned and

injured raptors.” This very short (12 pages) sum-

mary of a variety of rehabilitation techniques, al-

though accurate, certainly is not sufficient to be

called a handbook. One can only hope that the

totally naive reader does not try to take on an in-

jured raptor armed only with this information.

Some Time with Eagles and Falcons should interest

most general readers who enjoy hawks and their

habitats. Hopefully, by conveying some of the ex-

citement and challenges of working with raptors,

the book will inspire younger readers to pursue a

career in conservation. If you work in the field, the

book will introduce you to some new places and

new birds and possibly will rekindle some old

memories.

—

Mark Martell, The Raptor Center at

the University of Minnesota, 1920 Fitch Avenue, St.

Paul, MN 55108 U.SA.
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CHECKLIST FOR PREPARATION OF MANUSCRIPTS
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I. General Instructions

(Consult recent issues for additional guidance on format)

I I Type manuscripts on one side of either 216 X 278

mm (8.5 X 11") or standard international size (210

X 297 mm) good quality paper (do not use erasable

or lightweight paper). Word-processor-generated

manuscripts must be done with a letter-quality or

near-letter- quality printer. DOUBLE SPACE
THROUGHOUT including tide, text, tables, figure

legends, and literature cited.

I I Give the scientific name at the first mention of a spe-

cies, both in the abstract and in the article. Scientific

names of birds should follow the usage of the AOU
Check-list of North American Birds (6th. ed. 1983 and

subsequent supplements in the Auk) or an authori-

tative source corresponding to other geographic

regions. Do not give subspecific identification unless
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I I Use American spelling and Webster’s Ninth New Colle-

giate Dictionary (1983, Merriam-Webster, Inc.) as a
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names and third level headings.

I I Type last name(s) of author (s) and page number in

upper right-hand corner of page 2 and all following

pages.
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and figure). Organize text, as far as possible, so that

tables and figures are cited in numerical order.

I I Use “Figure” only to start a sentence; otherwise

“Fig.” if singular, “Figs.” if plural (e.g., Fig. 1; Figs.

2,3; Figs. 4-6).

FI Use metric units throughout.
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ture as 32° C.

I I Use “continental” dating (e.g., 10 July 1993, 1-3

June, 11 May to 11 June).

Use 24-hour clock (e.g., 0800 H, 1345-1400 H)
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ment (e.g., four birds, 3 km, 40 sites, 6 yr). Use 1000

and 10 000; 0.15 instead of .15; % instead of percent.

1 I Each reference cited in text must be listed in the

Literature Cited section, and vice versa. Double

check the accuracy of all entries—THE EDITORIAL
STAFF CANNOT DO THIS FOR YOU.
Literature citations in the text are as follows:

a. One author—Jones (1993) or (Jones 1993)

b. Two authors—Smith and Jones (1991) or (Smith

and Jones 1991)

c. Three or more authors—Hernandez et al. (1990)

or (Hernandez et al. 1990)

d. Manuscripts accepted for publication but not yet

published—Howard (in press) or (Howard in

press)

e. Unpublished materials—K. Jacobson (unpubl.

data); (K. Jacobson pers. comm.); or K. Jacobson

(pers. comm.)—do not place in the Literature Cit-

ed section.

f. When citing several references within parenthe-

ses, separate with commas and put in chronolog-

ical order, oldest first)

.

g. For manuscripts submitted as letters, place cita-

tions in text in abbreviated form, e.g., (I.C. Birds

1993, J. Raptor Res. 27:45-50)

.

I~1 Assemble manuscripts for regular articles in this or-

der: (1) title page, (2) abstract page, (3) text, (4)

tables, (5) figure legends, (6) figures. DO NOT STA-

PLE.

II. Title Page

I I Place full title 6-8 lines below top of page in all cap-

ital letters. Below title, center author’s name(s) and

address(es) followed by a running title (short title)

not to exceed 30 characters. If the author(s) is/are

currently at another location from where the work

was done, use superscript number(s) following au-

thor (s) name(s) to indicate current address in foot-

note at bottom of the page. In multiauthored papers,

indicate the author responsible for correspondence

and requests for reprints. Give phone number and,

if possible, FAX number and e-mail address of the

corresponding author.

III. Abstract/Summary

I I For regular articles, include an abstract of about 250

words in one paragraph that is completely without

reference to the text. Be concise, include the paper’s

purpose, but emphasize the results. Statements like

“results will be discussed” are not appropriate. The
abstract will also be published in Spanish. Authors

fluent in both languages are encouraged to include

both versions, otherwise the JRR will provide the

Spanish translation.

I I Include five to seven key words for indexing after the

abstract.

I I Short communications will be printed with a Spanish

summary only. Authors must provide an English sum-
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mary to be translated into Spanish unless they are

fluent in Spanish.

Avoid citing references in the abstract. If they must

be cited, include journal name, volume, pages, and

year, all in parentheses.

IV. Text

I I Follow instructions in section I.

I I Main headings are all capital letters and flush with

left margin.

I I Typical main headings for regular articles are:

METHODS, RESULTS, and DISCUSSION. An intro-

duction begins the text but does not have a heading.

I
I Put second-level headings in bold. Use normal inden-

tation and capitalize first letter of each word in the

second-level headline except prepositions and arti-

cles.

I I Put third-level headings in italics.

I I Short communications and letters may or may not

have headings within the text depending upon the

need.

V. Literature Cited

I I Verify all entries against original sources including di-

acritical marks and spelling in languages other than

English. Capitalize all nouns in German.
I I Cite references in alphabetical order by first author’s

surname. References by a single author precede mul-

tiauthored works by the same senior author regard-

less of date.

I I List works by the same author (s) chronologically, be-

ginning with the oldest.

I I Use a long dash when the author is the same as in

the preceding citation.

“In press” citations must have been accepted for

publication and must include the name of the jour-

nal or publisher.

I"! Initials of second, third, and. . . authors precede their

surname.

Abbreviate journal names according to the Serial

Sources for the BIOSIS Data Base (published annually by

the BioSciences Information Service).

I~~l Do not list personal communications and unpub-

lished reports.

VI. Tables

(Tables are expensive to print-keep them to a minimum
and put each on a separate page-try to design them to

fit a single column.)

I I Double space throughout. Assign each table an Ara-

bic number followed by a period.

I~1 Table tides must be complete sentences.

I I Use same size of type as in text.

Indicate footnotes by lowercase superscript letters.

I I Do not use vertical lines.

VII. Figure Legends

I I Print all figure legends on one page, double spaced.

I 1 Number using Arabic numbers consecutively in the

same order the figures appear in the text (i.e., Figure

1, Figure 2., etc.).

VIII. Preparation of Illustrations

(Illustrations are referred to as figures and include draw-

ings, graphs, and black and white half-tones [photo-

graphs]. CONSULT THE EDITOR IN ADVANCE
ABOUT COLOR.)

I I Use professional standards in preparing figures; their

reproduction in the JRR is virtually identical to what
is submitted. Consult issues ofJRR for examples and
Steps Toward Better Scientific Illustrations (Allen Press,

P.O. Box 368, Lawrence, KS 66044) for more infor-

mation.

Plan figures to fit proportions in the JRR, preferably

for a single column-printed size is 72 mm for single

column width, 148 mm for full page width or 195

mm for lengthwise figures. Figures should be sub-

mitted no smaller than the final size nor larger than

twice the final size (on paper no larger than 216 X
278 mm (8.5 X 11") or standard international (210

X 297 mm).
Submit drawings as original art (undiluted India ink

on heavy-weight, smooth-finish drafting paper) or as

photomechanical transfers (PMTs) . Submit graphs as

mechanical drawings or as high-resolution laser

prints. Typed or handwritten text or symbols are not

acceptable. Add text and symbols with press-on sym-

bols and letters or mechanical lettering. Review cop-

ies of figures can be photographic copies but must
approach the quality of the original.

HU Figure text must be a plain (sans serif) typeface (e.g.,

Helvetica)
,
not compressed, and large enough so that

it will be as large as the text type (8-10 point) when
in print.

I I Photographs must be sharp, high-contrast, glossy

prints approximately the size that they will appear in

print. If several photographs are to be included in

one figure, group them butted together with no
space between.

Use the same style of lettering and presentation for

all figures.

IX. What to Send

I I Cover letter.

HU Copy of this checklist completed.

HU Original and three copies of manuscript and illustra-

tions.

HU Diskette containing a text file of the manuscript text

and tables (if the manuscript was prepared using a

word processor).
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I I Submit to:

MarcJ. Bechard, Editor

Department of Biology

Boise State University

Boise, Idaho 83725 U.S.A.

More information?

Telephone: 208 385-3530

FAX: 208 385-3006

E-mail: mbechard@atlas.idbsu.edu
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the understanding of raptor ecology and natural history. Contact: Dr. David E. Andersen, Department
of Fisheries and Wildlife, 200 Hodson Hall, 1980 Folwell Avenue, University of Minnesota, St. Paul,

MN 55108 U.SA. Deadline: August 15.

Recognition and Travel Assistance

The James R. Koplin Travel Award is given to a student who is the senior author of the paper to be

presented at the meeting for which travel funds are requested. Contact: Dr. Petra Wood, West Virginia

Cooperative Fish and Wildlife Research Unit, P.O. Box 6125, Percival Hall, Room 333, Morgantown,

WV 26506-6125 U.SA. Deadline: established for conference paper abstracts.

The William C. Andersen Memorial Award is given to the student who presents the best paper at the annual

Raptor Research Foundation Meeting. Contact: Ms. Laurie Goodrich, Hawk Mountain Sanctuary, Rural

Route 2, Box 191, Kempton, PA 19529-9449 U.SA. Deadline: Deadline established for meeting paper

abstracts.

Grants2

The Stephen R. Tully Memorial Grant for $500 is given to support research, management and conservation

of raptors, especially to students and amateurs with limited access to alternative funding. Contact: Dr.

Kimberly Titus, Alaska Division of Wildlife Conservation, P.O. Box 20, Douglas, AK 99824 U.SA. Dead-

line: September 10.

The Leslie Brown Memorial Grant for $500-$l,000 is given to support research and/or the dissemination

of information on raptors, especially to individuals carrying out work in Africa. Contact: Dr. Jeffrey L.

Lincer, P.O. Box 1675, Valley Center, CA 92082 U.SA. Deadline: September 15.

1 Nominations should include: (1) the name, title and address of both nominee and nominator, (2) the

names of three persons qualified to evaluate the nominee’s scientific contribution, (3) a brief (one page)

summary of the scientific contribution of the nominee.
2 Send 5 copies of a proposal (<5 pages) describing the applicant’s background, study goals and methods,

anticipated budget, and other funding.


